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Introduction 

This handbook is compiled, not as a definitive guide to success in teaching technical stu- 
dents, but as a series of questions and suggestions, which, combined with the experiences 
and insights of the reader, will point the way to improved teaching, both in content and 
teaching methodology, 

SuggestiDns as to course content and usable applications can at best consist of a large 
body of material containing more information than can be absorbed into any particular 
course, thereby leaving each user the option of selecting those topics that apply to specific 
programs/ The underlying assumption is that, while technology students are not a breed 
apart, thfiir needs and orientation are to the concrete, rather than the abstract. While there 
are differkncesietween technology students and other students, the authors believe that in 
today's multi'media world, many techniques of imparting i^iformation must be developed; 
i.e., the classical -^go home and read the book" days are gone forever. 

In order to help the reader build a viable teaching plan based upon these assumptions, ^ 
the authors have attempted to provide a frame of reference by discussing the careers for 
which technology students are being trained. The nature, scope, and content of the tech- 
nicaf curricula will be examined^ with particular reference to the mathematical skills which 
are important for the students, both in college and on the job. The staff of the training pro-^ 
^am have compiled a list of concrete applications of mathematics to technology^ some 
drawn from actual textbooks currently in use in technical courses, Additional materials 
from the physics and mathematics areas are included. A section is devoted to the develop- 
ment of reading and study skills^ as well as general classroom management techniques. 
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Development of the Technology Curriculum 

In the period from 1950 to 1960, engineering colleges shifted from a practical (laboratory- 
oriented) curriculum to a science (theory-oriented) one. Thus the engineers graduated from 
these programs gravitaced to industrial positions demanding a research andi development 
background. This lelfL a void in the engineering and scientific spectrum in the mare practical 
area, The scientist and the engineer were at one end of this spectrum^ and the craftsman was 
at the other end. There existed, then, a need for practical technical personnel in the area 
between these two ends. 

It is not surprising that the demands of industry engendered the advent of a new type of 
program for the academic training of these newly required technical personnel. The prolif- 
eration of associate degree programs in engineering^technology starting in 1960 was the 
inevitable result/ ' , = ; 

The kinds of institutions offering educational programs in engineering technology vary. 
They belong primarily in one of the following classifications: , ; 

(a) Monotechnical institutes— Single purpose institutions offering engineering tech- 
nology. 

(b) Polytechnical Institutions^Institutes with a variety of programs related to business, 
health, or public service as well as to OTgineering. ... 

(c) Comprehensive Community Colleges 4 Community and/or junior colleges which 
include in their offerings various occupational-technical programs as well as 
**university parallel" or **transfer" programs. ^ 

(d) Universities— Senior institutions whfch include associate degree programs in engineer-, 
ing technology as part of their offerings. 

Engineering technology is concerned primarily with the application of established 
scieiitific and engineering knowledge and methods. Normally, engineering technology is not 
concerned with the developmeht of newsprinciples and methods. Technical skills such as / 
draftingi m one instancej are characteristic of engineering techno / 

The associate degree graduate of an engineering technology program is called an 
engineering technician. The graduate of a baccalaureate program in engineerihg technology 
is known as an engineering technologist. The engineering technologist has academic training 
which lies between that for the engineering technician ar d the engineer.; 

The primary objective of the associate degree program, therefore, is to turn out a market^ 
able engineering technician who will take his or her place in the industrial worlds 

The Engineers* Council for Profesaional Pevelopment (ECPD) is the professional society 
which accredits individual engineering techndlogy programs and thereforp. sets minin^um 
criteria standards, ' \ / 



To meet minimum criteria for ECPD accreditation, an associate degree program in engineer- 
ing technology should include the following four major curriculum subdivisions i 

■ , _ ' / ^ . . . ' . ^ ' . ^' 

(a) Technical Studies, which include the major technical specialties, related technical 

\ studies and technicai scienceSj for about one year.* 

(fa) Basic Science Studies, which include mathematics, applied mathematics and the 
physical sciences, for about half a year.* ^ 

(c) ' Non-Technical Studies, which include communications, humanities, social sciences, 
and other life<5riented subject matter, for about a third of a year.* 

(d) Institutional Electives, which may include additional technical, basic science, or 
non'technical studies or other content considered necessary to maintain the, integrity 
or achieve the special purpose of an institution of higher education, sufficient to 
make the total two years,* 

As a prime consideration, theory courses in the technical specialties should be accompa- 
nied by coordinated laboratory Experience which stresses measuring physical phenomena 
and collection, analysis, interpretation and presentation of data. Students should be reason- 
ably familiar with modern types of apparatus that they inay encounter in industry. 

In the industrial worlds the engineering technician's function is not single job-oriented; 
he or she may have to move into many different roles. 

In general, the engineering technician works with the scientist, engineer and technolo- 
gist, assisting them in^th^^artical aspepts^o^ efforts, and directing the arts and skills 
of the craftsman. He diffeis from the craftsman in his knowledge of engineering theory 
^nd methods, and he differs from the engineer in his more specialized technical background 
and specialized technicai skills. The engineering technician utilizes a combined variety of 
skills and diversified practical and theoretical knowledge to get things done. 

Some of the imajor technical and engineering areas in which an engineering technician 
may work include the followingi i . 

(a) Mainteriance— the continuation of a system or suh-system so that it may meet the 
specifications as originally envisioned and for which design criteria were established. 

(b) Production or Manufacjturing— the technician may provide technical supervision in 
installation, start-up, checkout of equipment and systems i trouble-shoot and diag- ^ 
nose malfunctions^in laboratory prototypes or production equipment^ systemi of 
processes. In addition, lie or she may monitor product quality and develop schedules , 
for work flow induding all operations from raw materials to finished produc 

(c) Testing— the testing pf equipment, materials, and processes to determine whether 
they meet specifications and accepted enginecririg standards. 

(d) Technical Sales--attempts are^made to convert the needs (often vague) of potential 
. customers into^systems that will satisfy them and at the same time produce busi- 
ness for the cpmpanj^ that the technician represents. 

* One year of academic time is cdmidered to be a minimtim of 30 semester credits. Front the above cri^ 
teria, the minimtitn number of semester credits for an associate degree in engineepng technolo^ would^ 
be 60, Howeveri ?nost programs range in semester credits between 64 and 72. \ 

' ' / ■ ■ . y : s 



(e) Technical Writer-the technician works with;engineers in compiling technical 
.manuals, reports, bulletins, specifications and catalogs, 

(f) Estimating--^work with engineering firms, building supply cqmpanies., and others in 
preparing cost estimates from drawihgrand^ecificari I 'v ; . -^-j 

(g) Design— concerned with implementing the specif icatibns of the customer, then ^ 
combining materials, involving a variety of processes, into a finished product or 
system. / -^--—=.—.- 

(h) Development— provides the bridge between the design function and that of applied 
science. The development engineer or tecHnician puts together a prototype system or 
sub-system that may meet only a part of the specification for an engineering 
endeavor. . 

(i) Research—the technician works with scientists and engineers to develop new equip- 
ment and to evolve new applications in manufacturing processes. 

(j) Field— technicians are concerned with placing the syitem in operation under actual 

operating conditions. f . 

(k) Supervision— supervision of lower-grade technicians and skilled craftsmen. 

1 ne paramount distinction between an engineering technology program and a vocational 
or industrial technology program is the level and quality of the basic sciences'--specifically 
the matheiinaticf' It is commonly stated that mathematics is one of the more critical deter7 
minants of both the level and quality of an isngineering technology program. The McGraw 
Report in 1962 conducted by the American Society for Engineering Education (ASEE) and 
titled '*Characteristics-of Excellence in Engineering Technology Education" contained the 
recommei^dation that an associate degree in engineering technology contain a minimum of 9 
semester credits in mathematics (algebra, trigonometry, calculus). The language of the^^^^-- -^ 
recommendition encouraged institiitions to exceed the stated minimum. 

Contemporary thinking is largely unchanged. There is, howeverp some opposition to the 
compulsory inclusion of calculus (an ECPD minimum criterion required for accreditation) in 
that some engineering technology programs— specifically in the industrial' rnajor-^ could 
better utilise a course in statistics instead of an exposure to calculus. The 1972 ASEE report 
titied ^^Engineering Technology Education Study" retained the spiHt of the McGraw Report 
but attempted to make quantitative mathematics requirements mote adaptable to the needs 
of individual institutions. / | 

Educational philosophy, in the case of a curriculum's mathematical content, has been ^ 
translated direfctly into evaluative criteria for accreditation. The ECPD, rciponsible for the^ 
accreditation of engineering technolo^ programs, has published the following statementr 

*"An engineering technology curriculum arceptahle to ECPD will norrnally be 
characterized by at least the equivalent of 6ne-half academic year of basic „ 
sciences, about half of which is mathematics and of which, the mathematics - - 
includes carefully selected topics suited to pach curriculum from appropriate 
areas of mathematics beyond algebra and trigonometryi ; 
OTncepts of the calculus/* , ' '.■ . = ; 
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Institutions vary considerably in. the matter in which they implement mathematics, 
instruction in their programs. Some, for example, neither teach mathematici as a discipline 
nor present it jeparately in formal cpurses; rather, they attempt to introduce mathematical 
concepts as p^rt of the technical specialty at the time such concepts become needed, inte- 
grating them completely with the technical specialty. It is difficult to refute arguments that 
mathematics presented in such a way beconies more meaningful to students because it has^ 
an immediate application and relevance. This method is not used by the majority of institu- 
tions. ' : , 

In institutions where separate mathematics courses are given, the faculty which teach 
these courses fall into three separate categories. ■ . _ ^ 

..^^r ■ , ' ' \ ' ■ 

(a) A separate ^"liberal arts" mathematics department whose faculty service the tech- 
nology departments by teaching the math courses. 

(b) Engineering technology faculty (engineers) who teach the math courses to the tech- 
____ nical s'tudents. 

(c) Math teachers (with degrees in mathematics) who are members oflthe engineering 
technology division, ^ \ \ 

The biggest stumbling block, as concerns the mathemat; 
nology students, is the liberal arts oriented math faculty in 
spection necessary to present ^^technical" mathematics properly. They either are completely 
lacking in interest, do not have the proper background, or insist that the traditional **liberal 
arts" approach is best. At best their motives are suspect bdcause the proper teaching of these 
mathematics cpurses involves additional work, 

To insure proper handling of these courses, both in level and content, a continuous 
dialogue jnus^ be present between the mathematics and technology departments. 

The most frequently encpuntered course pattern is a sequence of three courses— algebra, 
trigonometry, and elements of calculusi considcrabj^ variation in nomenclatufe exists, how^- 
eyer, ind is to be expected. In most cas4s, rem.edial courses arc offered, without credit, for 
the benefit of those students who lack prerequisites. ^ 

The content of mathematics courses in engineering technology should be slanted 
towards operations and applicatioBS rather than toward theory and derivations. 

In an extensive survey atmathematics faculty members teaching at institutions with 
TecHHolop^^Turrirotir^^ 

(a) Algebra The topical areas receiving substantial emphasis included f 
operations, special products, factoring, fractions, exponents and radicals, linear and frac- 
tional equations, systems of equations, elementary determinants and Idganthms/ Moderate " -i 
emphasis was given to the nature of number systenls, functions and graphs, complex num- 
bers, equations of the third or higher degree, inequalities, ratio and propprtions and pro- 
gressions. Little or no emphasis was usually given to such aspects of algebra as rriathem^tical 
induction, binomial the^em, permutations and combinations, probability, detef^inants of 
higher order and partial fractions. 



(b) Trigonometry - Almost all the usual topics in plane trigonometry - those appearing 
in'Standard introductory textbooks - were given substantiaremphasis, although work with 
certain topics such as identities, citGdlar functions, inverse functions, and application of the 
law of tangents, were saicLta br^ften ^curtailed because of the time restriction. Solutions ot 
right and oblique triangles were said to be given special emphas^^^ . . ' 

(c) Calculus—Emphasized most strongly are coordinate systems, lines, variables and 
functipns,'limits, differentiation, applications of the derivative, integration of algebraic 
forms, and integration of simple transcendental forms. Receiving nioderate emphasis are 
topics such as applications of integration, differentiation of speciril forms, differentiation 
^with respect to time curve tracing and equations of the second degree. Areas that are said to 
receive little or no emphasis include parametric equations, polar coordinates, indeterminate 
forms, infinite series, expansion of functions, hyperbolic functions, solid analytic geometry, 
multiple integrals, vector analysis and differential equations. However, it should b^ pointed 
out that many of these last topics are included when four courses ratHer than three consti- 
tute the mathematics sequt -e. This more '*ad\^anced'' calculus content is usually in the 
electrical technology programs. The graduate ofithis program is normally mare V'sophisti- 
cated'* in the use of the mathematics becauie of\thf nature/oftti^e desired electrical content 
of the more advanced technical courses. \ \ 

But the need to remedy the entering students^ deficiencies should not blind us:to^an 
equally important problem JEvery entering studem^ with deficiencies must be motivated to. 
continue his or hsr studies m en|ineering technology. Thi^' motivation; a reinforcement of 
the original choice of career, cannot begin too soonliTaking remedial courses for l semester 
or longer (without any technical specialty coursesUlampens the student's enthusiasm for his 
newly-fhosen profession. /The best incentive (durW this period) is for the studenj to take 
.-_concur^endy:a:practica_lly orientfed hands-^on course in ihp technology area. This helps to 
sustain the engineering technology students interest in his remedial^ work/ . ; . 
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The Queensborough Community College Prqgram in Electrical Technology " , 

As an example of a two-year program in Electrical Technology, the cottfscs-and course 
descriptions for the technical specialty and mathematics at Queensborough Community . 
College are described below. , i ^. 



2. iLf CTKICAL TiCHNOLOGY (ilectfenfe)— A,A,S. RiQUlRf D PROGRAM 

(AN fCPD [ENGINEERS cbUNCIL FOR PROFESjSiONAL DEVELOPMENT] ACCRiDITED ENai- 
NiiRlNQ TECHNOLOGY CURRICULUM) 

UAPC Coda for ElGCiri^Bf Tochnology (Eiectronic Optionj-Day.' 0925; Evenlng\3933 



Semester I 

SS- or HI- 

EMI 
HE-10lor102 
PE'30O. 400, 500,/O^ 



700 series (excluding 
PE-T11.712,713.714, 
760.761) 



MA^15 ^ ~ 

PH-201 (formeriy SO) 

ET -21 



^Technical Mathematics A 

Elective in Social Scrence or History, 
^English Cdmposition I V 

Electric Circuit Analysis I ......... . 

Health Education . . 



Physical Education or Dance 



J"=i5GhniGal Mathematica B , 
General Physics ! 
Electric Circuit Analysis II 
Electronics 1 ......... . . 



Credits 
4 

■ ? 



1 

, 

Sub-total ' 16'-17 

/ 
/ ^ 



Sub-total 



16 



Semtiter ill . 

PH-202 (formerTy 21) 
MA-16 
EM3 
ET-22 
ET-31 
ET-41 



General physics II .......... 

Technical Matherriatics C . . . - 
Transient Circuit Analysis . 
Electroriics II . 
^^Eleetrical MachmQry ........ 

Glectronic Project Laboratory 



Sub^total 



4 
2 
3 
4 
4 
1 

.18 



Stmefter IV 

SS- or Hl- 
ET^23 
— ET-3S 
ET'51 ^ 
EN-12. ' 



Eiective In Social Science or Hrstory . . ' 1 . . . 
Communications and Microwave Electronics 
Feedback Control Systems ^ . 

Digital Computers .TV\ v^^w -^-^ , 

English Composition II 



5 

4 
4 

3 



' ' •%/ Sub-tota r 

TOTAL ELECTRICAL TECHNOLOGY 67-68 



* Satisfsctofy scgrson ptaoement examinations required. 
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Courses Taught in Electrical Technology . . - ' ^ ' 

' - ' iT-Q1, INTRODUCTION TO ELECTRICAL TECHNOLOGY " 

iQlBBSiiour ' $ recitation hours 3 -laboratory hourB 0 credits ' ' 
sPrBrBqumitB or corequisito: MA-10. flequ/fe^ /or a// Electrical jBGhriology malor& 
/ . taking MA-10, ^ ^ / -^l : V ^ ' 

IntrDductlon to electronic' and computer technology/ scientifia n 
. ^ units, schematic electrical dlagrartis, fundamentals of computers. Ohm*s law,. eleq- 
, X , trical eomponenti, and measuring instfuments. Laboratory hours complement class 
= ■ / / - work. , . ' . \ ^ , . ' : , 

/ ET-11, ILEQTRIC CIRCUIT ANALYSIS I : ' ^ 

QwBBB hourB 3 latoratory tiourB y4 creWts ' . ' 

pt&r&quisitB: ET^OI for thOBB Btudorits required to take MA-IQ as a rBBUlt of mathe- 
mktioB placement Bnarni nation. CorequiBitB: MA-14. ' ' 
Resistances Ohm*s law; Xirchhoff^s laws, networks with, DC current and voltage 
souraesi-branch-current analysis; piesh and nodal analysis^ superposition, Theveriin's, 
Norton'sr maximum power th^eorfm magnetio clfcuits; inductance; DC 

meters. Laboratory hours eomplemfnt class work. . 

iT-12/EUECTRIC CIRCljlT ANALYSIS IP ■ , 

3 ciasB hours ^3 laborktory hourB 4 a/edJts ^ 
PrBrequisite: EMI, Corequlsite:^ ^ / * 

SJnuspldal waveforms; phasor quantllies; Jn^pedanGfl; Kirehhoff's laws;" fietwork 
theorems; power; resoriahce; three phase circuits; AC meters; harmonics; mutual 
inductance. Laboratory hours complement class work. ^ r . 

E>13; TRANSIiNT CIRCUIT ANALYSIS ^ 
^-7t^/asa hour 2 reaitation hours 2 laboratary houri .3 credits ^ ^ 
Prer&qulBitB: ST-^IS: Corequlsite^' MA-16.^ . : • 5- ^ 

The differential equation forniu'ation 0/ eiectric circuiJi behavlof;*the forced solution; 
the source-free solution: initial conditions; the compiete sojution; cori^pit^ frajuene^y^ 
transfer function; pole-zero boncept;' Laplace transform. Laboratory hours compter 
. ment class work. , . ^ . v ■ / 

|T-ai; ELECTRONCSI ^ , ■ . ' ^ ; [ \ 

3 class hours 3 laboratory hours 4,credits Corequisite: £7-12 or MT-14, 
Basic theory and o^eralfon of solld-sf^e and vacuuiJi lube devices Inelydirig dlbdes, 
tfiodes, pentodes, transistors^ fieid-effect transiitqrs, unl]unction tr^ahsistors, silicon* 
controlled reotifiersp tunnel diodes, varactors and Zener diodes. Clipping and clamp- 
ing circuits. Graphical and equivalent circuit analysis pf^'active devices. Blailng^ of 
A . transistors. Rectifier, filter and power supply circuit design. The major emphasrs 
tiirbughout the course Is on semiconductor devices. Laboratory .hours complement 
class work. . ■ ■ ' . . \ 

ET-az, ELECTRONICS II ' I 

3 c/asa hours J3 iBboratory hours 4 aredltB\ PrBrBqulslte: £7-21, / / ' i ' 
Hybrid parametersi design of s^all and large signal amplifiers (tranetstor, FIT and 
^vacuum tube); decibels; frequency response of arhpifrtrsj D.C. amplifiers, opera- 
tional amplifier circuits; Integrated cireuit theory; regulated tr'anststor power supplies: 
SCR and triac control circuits; unijunction transistor circuits. Laboratory hours eom^ 
plement class work and includl a design project . . ■ 

€T-a3. COMMUNICATIONS AND MICROWAVE ELECTR 
3 ciasB hours 3 laboratory hours , 4cfBditt^ PrBrBquisitei EJ'22, . 
Generation and processing of signals, including oscillation, modylatl^n, dimodula- 
tlonf^requeney conversion; bandwidth and nolsej^tr^smlssibn llnes and waveguides; 
use of the Smith chart; tuned circuits; transmission line sections; mlcro^ '^"^ — ..ui^.. 
microwave generators and ampHflers, Including klysirons>magnetrons 
wave tubei. Lasers and masers. Laboratory hours. complement^'ola^s wo: 



ET-31. iLiCTRICALMACHlNiRY 



c/ass hours 3 laboratory hours 4 oradlts PrerequlBite: ET'12 or 14,. 



Characteristics and applications iSfTTC motors and gerteratpri; ,trar 
motors and genorators; motor itarters and controli power faetor^'qorr 
systemii Laboratory hours complement class work. ^l^" 



vave Qavitlei; 
and travoling 



sformers; AO 
edtlon; power 



FEIDBACK CONTROL SYSTEMS - 
I S c/ass /?oi/fs 3 laboratory 'houTE 4 credits Prer&quisitB} ET-13i 31. 
Analog compulalion and simulation; t^e block,diagrffp concept voltage and speed 
control systems; servo componenti and transducera; second order servemech- 
anlsms; proportional control and taeh feedback; irequency response analysis using 
the Bode Plot; stability; instrument servosr'digltal servoi and computer control; pneu- 
maiic and hydraufjc systems. Laboratory hbuxi complement class^ worK, 

ILECTRONIC PROJECT LABORATORY \ , 

3 !Bboratory hours 1 credH CoraQw/a/fe; £F-2i. . ' ' ' 

A practical course in. the use of the tools of the electronic technleran; techriiques 
are developed by building and testing electronic equipment such as a translstoriied 
superheterodyne radio; layout and developmerit^of printed circuits, 

' ET-51. DIGITAL COMPUTiRS \ , \ 

QatasB hours u laboratory hours 4afBdlts PrBrequisitB; ET^22, 

Number systerfis; ioolean algebra; memory elements; logic elements; timing ele* 
rrientsi digltal computer logic aJreuits-AND. OR, NA^D, NOR; multjvlbrator circults- 
flip-flopi Glock, one-shot; corriputer organization^arithmetic, control, memory. Input 
and output units; elements of^ srogramming. Laboratory hours complement class work. 



/ 



Mathematics 



MA-10. BASIC MATHEMATICAL SKILLS ^lasB hours 0 GreditB - 

Review of arithmetic,j^geometrlc notionp, beginning algebra, (Noto' a modular ap' 

proach Is used In day 0laBSQ$), ^ . j 

MA-14! TECHNICAL fllATHEMATICS A 4ciasBhourB 4 orBdltB 
PrerequlBlte: MA^Wi ejr satlsfaotQry SQorB ori rriathBrnaiiaB plaGement examination, 
A basic presentation o^ the fundamental concepts of cofleqe afgebra and trigonometry, 
with scientific and engineering applications; linear equations and systems; coordinate 
geometry and functions; quadratic equations. ^ 



MA-15, TECHNICAL fv|ATHEMATICS B / ^ ■ 

3 claBB houtB 3 crBditB PrerequlBlte: or thB Bquivalent. 

A continuation of Technical Mathematics A (MA-14)i trigonometric, exponentlaL and. 
logarithmic functions and their graphs; eomple)? numbers with applications to vector . 
problems:,elements of analytic geometry, curve sketching; introduction to differentia! 
and Integral ealQulus. 

MA-16. TiCHNlCAL MATHEMATICS C 
2 GlasB hours 2 credits PcerBquisitB: MA-IS, or thB Bquivah 
A aohtlnualion of Technical Mathematics B (MA^15); basic aleri^ents of dlffeirentlal 
and Integral calaulus and their applications; conlo sections. 



Job titles^fdr graduntef of an aisociate degree program in Electrical Technology in- 
elude* electronic technicianj computer technician, electrical designer, technical sales repre- 
sentatives, technical writer, electrical estimator, electrical contractor, research technician, 
comrnunicatiofrtechniciSn, customer-service technician, lelectrical engineering aide, medical 
electronics technician, broadcast technician, field engineering assistant, process central 
technician and test equipment technician. * 



Introduction to Electrical Technology 

The Department of Electrical Technology offers the remedial course, *"IntrQductiQn to 
Electrical Technolog)^*' (3 class hoursT'S laboratory hours,?;no credit) which must be taken 
concurrently with the remedial math|course, MA-lOj * "Basic Mathematical Skills." This 
course (which is 5 class hours; no credit) incliides a review of arithmetics geometric notions 
and beginning algebra. The remedial ET course, "Introduction to Electrical Technology'* 
has a two-fold objective i (1) To complement and reinforce MA- 10 through practical applica' 
tions in the field of electrical technology, and (2) to motivate the student in his original 
choice of a career in electrical technology. , ' 

lT-01 recitation portion of the course inqludes a^ mathematical review (12 hours) of 
the following areas: positive and negative numbers, fractions, decimalSs Scientific notations \ 
squares and'square roots, laws of exponents and solution of simple algebraic equations. The . 
use of the slide rule for multiplication and division is also included, The remaining 30 hours 
of recitation covers elementary electrical theory and shows the application of the mathe- 
Imat^cs in the technical area. The Jab oratory work (42 hours) complements the recitation 
theory and includes films on the slide rule.as well as on the various areas of electrical theory 

Some typical mathematical problems and derivations and theory include: _Jil-.-.^_=i 



Fractions: 

8"T^;4^ 2" 



2 4 
— -t— 

-3 5 



1 3 

— +— 

2 ,4 



i Changing Fractions to DecimaLs (round off to 3 decirnal places): 



1 



100 



64 



Scientific Notation . 

Write the following numbers in scientific notationi 
' 8. 0.0000316 ■ 9. 3.240,000 

Powers of 10 ■ 

Express the following as powers of 10: J 
10. 10,000,000 11.0.00001 



ao 



12, 10^" X 10~' X 10 



■•>/ 
I 

t 



15 

10 



Express each of the factors as a power of 10 and find the product: 



13. 1,000,000 x 10,000 // 
Carry out the following divisions:* 



14. 100,000 X OiOOOl 



15. 



10^ X 10^^ 



10 



16'. 



loO X 10^4 
10^ 



Change to decimarform: 



17. 826 X 10" 



-6 



'l8. 



0.003 X 10 



-4 



Calculate the following: 

0.0000004 X 5,000,000 x 2,000, 



a9, • 



5,000 X 0.0002 X 20,000 



20. , 



600,000 X 0.0004 x 0.02 x 0.0000007 



0.0005 x 1,000x 20x200,000,000 

Find the answers to the following using the slide rule: 
21a. (0.13)2 . ' 21b; (0.013) 2 

Find the answer^ to the following using thC; slide rule: 
2ia.Vl700 . 22b,\fo.00017 / 



21c. (0.00013)^ 



22c 



000 



. The use of the prefixes milli (lO"^)^ micro (lO^^), kilo (lO^.and mega (10*) Js 
of great importance in technology in conversions. ^ . 

Conversions using the above are a source of great confusion to the student. . They appear 
to have no difficulty in converting dollars to cents or feet inches since in **rear' life they 
have been exposed to these quantities. It is stressed to the student that conversion of a large 
unit to a smaller unit will result in a bigger number (example: $3.75 = 375 tents and visa versa 



1 ampere = 1,000 milliamperes = Ip' ma 
lniilliampere = 0.001 amperes = lO'^a y 
1 volt = 10* microvolts = 1,000,000 microvolts \ ^ 
1 microvolt « 10^* volts = 0.000001 volts 
1 kilovolt= 1,000 volts ^ io' Volts I 
1 volt = 0.001 Kilovolts ^ 10^3 kilovblts 1 
1 megavolt - 1,000,000 volts = 10* volts 1 
1 volt = 0.000001 me|avolts ^ 10 * megavplts 

Intuitively then, if 250 milliamperes v^ere^ to be converted to amperes, the result should 
be a number smaller than 250. Conversely, if 3 kilovolts were to be converted to volts, the 
resultant number should be greater than 3, ^ 



Conversions may be accompli^ed mathematically as fdllowsi • 

Convert 250 milUamperes (ma) to amperes (a): 

: la 250 x la 

250 ma x - — a - — — = 0.25a 

, / l,000ma 1,000 
which simply means division by I jOOO. 



Convert 3.2 kilovolts to volts. 

. liOOOV 
3.2 fev ^ ^ = 3,200 volts 
1%^ 



Convert 34 milliohms (-mQ ) to.micro^hms (^^) 

^ 1,00Q ^ Q ' ^ 

34^W X ■ — —T^'^^- = 34,000 micro-ohms 



In the above example since the micro^ohm is a smaller unit than the millioHm, the 
resultant answer in micro^hii^s should be larger than 34. 

Make the following conversions ■ 



^ = 22 milliamperes ^ ^ -amperes 

: 0,002_amperes ^ milliamperes 

0.423. dmperes ^ micrbamperes 

426 milliamperes = microamperes 

0.05 kilovolts .. . - volts \ . 

7S volts = millivolts/ \ 

0 J volts ^ microvolts 

500 millivolts ' - volts 

A famous law of nature indicates that effect is equal to^ the cause divided by the 
opposition. Mathematically: . ^ 

. _ cause / 

. effcct ^ ^ , . - - (ebl 1) ^ 

opposition ' ^ 

In an electrical circuit the effect is the current, I, the cause is the voltage^ V, and the 
opposition is the resistance, Therefore for the electric circuit, eq, 1 (known as Ohm's 
Law) can be, expressed by- 

' ' ■ V V 

^ ,(eq, 2) I = or R ^ - or V = IR 

R ^ I ^. 

In technologyi units are of great importance - there appears to be a dearth of this 
principle in math courses where all operations appear to be dimensionless (certainly not 
the case in **real" life), , j \ 

h' '■' ' ' " , 



In the various forms of equation 2, 1 must be in amperes, V in volts and R in ohms 

Examples: - ^ 

A carbon filament lamp draws a current of 0.5 amperes when a voltage of 120 
volts is applied. What is its resistance? / ' , 

^240 ohms 0) , - 

I OJa t - ' 



/ volt batteiy is connected to a resistance of 2 kilo-ohms. How much current is 
•will be delivered? \ ' = ^ ^: ' \ 

2 kilo-ohms is equal to 2*000 ohms. : ^ " ^ 

■ ■ ■ - / 

R ^ 2,000 



I ^ - 3(10) 3 amperes or 3 milU-anipares 



+ i 



Pig 1 - Series 
Circuit 



In a series circuit the total resistance, R ^ , is the sum of the'individual resistors in series. 
Find thtf current that flows Jn figure 1. . ; 



R,j.= + + Rj - 1 + 3 + 4a 8Q 



V 24 Volts ' 
I = -^^^ ^ ; - 3 amperes . 

, In the above circuit find the electrical power, in watts, dissipated in Tfie 4 ohm 
resistor, ^ 

Power = . ^ f "\ 

p m (3)H = 9x4= 36 watts ' 



In an electrical circuit, the power consume^ in a resistor of 2 ohms is 72 watts. 
Find the current in the resistor. 



P = i2r 



t2_ p 



9 \ 



36 ~ 6 amperes , 
In the following electrical iquationSj solve for the quantity indicated. 



solve for t, solve for 



- pL ■ ■ . , ■ ■ 

R = solve for L, solve for A 



P = I-R solve for R, solve for I 



LI- 



solve for I, solve fdr L 



L = 



n2 a 



solve for N, solve for 1 



1 1 1 



— = — + — solve for Rti solve for Ri 

% Ri ^2 ^ ; - 

M 



solve for M, solve for Lj 



z2 « r2 4 solve for X 




T + t; 



solve for R 



1 



Figure 2 - Parallel Connection of 
2 Resistors 



Derive the equation for the total resistance, R-j^, in terms of Rj and Rj 
E 



1^ ^T«n7 



2) I^=,Ij + l2 . 



5) 1^. = — 



6) Rt = 




E J_ 

^1 Ra 



7) Rt^ 



Ri*!! 



(£)TR2r 



Rj 



which indiGates that the total r esistance of two resistors in parallel is the product over - 
the surti. : ' „ ' ' ; ; / 

Further, prove that the value of Rj will always come out less than the value of the 

smaller of the two resistors. 

- ■ ; ' ^ R ^.SlB2_. , ■ :.. , ' 

Let R2 be the smaller of the two resistors. Dividing the numerator and denominator 
of the right hand side of the equation for Rj by Rj yieldsi - ■". - 



. ' Rj Rj . ■ Rj 

Since R2 and Rj are positive numbers, the denominator pf the right side of the equation is 
greater than 1 . Therefore R2 divided by a number greater than 1 gives a value for Rj which is 
less than R2 ; ' 

Examples , 

A 3 ohm and 6 ohm resistor are in paralleL What is the value of the total resistance? 
3x6 18 ^ 

r - -_ — B 2 ohms ^ 

' 3+6 9 ; . ^ ■ 

Note that this value is smaller than the smaller resistor of 3 ohms. This will serve as a 
check on the student's work. If the answer were greater than 3 ohms, then the student . 
would know that his or her calculation was incorrect. 

If more (han 2 resistors are in parallel, then the total resjstance, Rj, is given by: . 

1 _ 1 J_ / h [ ■ 
R^ Rj R2 R3 . ' 

Examples 

Three resistors are in paralleL Their values are reipectively 2 ohms, 5 ohmSj and 
10 ohms. Whatjs\the total resistance of this combination? 



% ^1 % ^3 ' '^T 

^ ^ i H- 14-*^^ R-T - " 1.25 ohms 

R^" 2 5 10\ ^ OJ 

Note again that the answer is iess than the value. of the smallest resistance of 2 ohms. 
. The rnathematical and electrical theory of resistors Jn series and in parallel^ as well as 
Ohm*s Law, are checked experimentally in the laboratory; , 



Electrical Circuit Analysis ; / 

The first college credit electrical course is Electric Circuit Analysis I (ET-11), which 



/ 



consists of 3 class hourSj 3 laboratory hours, and carries fQUr credits, The course involves; 
the solution of electrical circuits with a constant (direct current) inputvFor a constant (dc) 
• input, the mathematics in the course is simplified. It must be remembered that the 
non-remedial math student takes this course in the first semester. Corequisite with this 
course is Technical Math A (MA-14). The MA- 14 course includes fundamentals of college 
algebra and trigonometry, linear equations and systems, coordinate geometry and functions 
and quadratic equatiohs. • / 

The ET-11 course deals with the circuit applications of the basic three r 
electrical elements. They are the resistanccj R; thfe inductance, L; and tHe capacitance, C. . 
The symbols are indicated below. ^ 

R- \' . ■'"'/ ' L _ / , ■ . ■ ■ . c . 




unit - ohms (?? ) unit = henry (H) unit -.farad (F) 

' : The resistance is an dectrical energy dissipating el^ 

other two elements stof4 electrical^/nergy. The resistance **behaves" quite w^ll.mathe' 
matically (there is a linear relationship between the voltage [v] across it and the current [i] 
through it). The energy storing elements, L and C, behave ■■abominably'* in the mathe- 
. matical sense since the relationship between yoltage and current in these elements is 
goyerned by differential and integral equations. _ 
\ The volt-ampere (cause and effect) relationships. are given below^ 



V 



. 1 




H£- v^i/idt i.c# 

C C . dt 



' Note that the symbol **t" represents time* . ' 

It is stressed to the students again, that, although in thfilr math course 
the ubiquitous variables will be **x** and '*y *',in the electrical worlds these variables wilLbe . 
noted by their absence. Their replacements will include v, i, t, q, w, p and many .others. 

■, ' 21 , ■ ■ ■ • 



7 



More than three-quarters of the course is . 
electrical circuits (using various theorems)^tb the resistance, R, because of the simpler, 
mathematics involved. The latter portion^of the course, dealing with L and C elements, 
/will result in the introduction of the students to simple concepts of the derivative and the 
integral. That the faculty must integrate concepts of mathematics not y^t covered in 
the concurrent mathematics course is a fact of life that cannot be overcome. 

As indicated before, emphasis is again placed on conversion of units, solution of 
algebraic equations, scientific notation, slide rule (although.^this instrument may soon be 
rendered obsolete by the calculator and dimensional analys 

Basic equations in the course include^ ^ ' 

R^- I^^ VI P = PR 

, ■ . I . ^ . . z 

_ Ri R 



W^VIt eff^^^^KlOO Rj^ 



1 ^2: 



11 1 



■A R^ Rj Rj R3 



^1 T^t, , V..-^^ 



R2 T + t2 1 Rt 

In the laboratory, the basic concepts of plotting a graph from data-pbtained is stressed 
The introduction of the independent variable as the abscissa and the tlependeHt variable as 
the ordinate is introduced. A graph sheets properly identified with units on both axes arid 
\vith a proper title, should be able to **stand** by itself - that is, if a pWson loqjced only at 
that sheet, he need not refer to any other iriformation. 

The solution of two (sometimes three) linear simultaneous equations, using deter- 
minants, is essentiaL It is pointed out to the student that, in industry, two^equations, as 
indicated below, will never be encountered* . V 

ix^-y = 6/ ; .-4x + 3y-8 ' : 

In the math course, the student is taught to solve the equations by multiplying the top 
one by 2 and then by adding, a solution for **y'* is immediately forthcoming, 



22 



17 



In real life, thfi^cpeffidents are never that simple andj in addition, any self-respecting, 
engineering technician wiU always use d 

Exan^ple: , \ . ' \ 



3^ 







7 













I3v 



In the above circuit, solve for the current in each 

Assuming current directions as indicated above, Kirchhoffs law of voltage is applied 
to each of two loops ^ 



/ 



l oQp a b gfft, - 16 a 3Ij + 2 (Ij;-*; Ij) 



cbedc - 13 = 1I, + 2(I, +I2) 16 = 5Ii + 2l2 IS-aii + BIj 
*|16 2 1 

l is 3 ] _ 16 (3) -2 (13) 22 

^ 5 2 I / 5 (3) -2 (2) 11 

2 3 



Il = 



^ 2 ampi 



l2 = 



5 16 
2 13 

11 . 



5(13) - 2 (16) , 33J ' 

, -- -=-1— - = 3 amp. 



11 / 



■11 



1, + = 2 + 3 = 5 amp. 



Therefore, the current in the 3f?resistance is 2 amperes, in the IQ resistance it is 
3 amperes, and ths current in the 2 Q resistance is 5 amperes. 

' The mathematical solution to this problem would be verified experirnentally in the; 
laboratory. ' ■ . 



23 
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ERIC 



If an electric circuit has three loops then a third order determinant would result from'^ 
the electrifcal^ principles. = ' i 

Examplei ' 




Given the^ 3 resistances, R^, Rg, and in a delta connection 
and Rj^, Rj, and Rj in a wye connection 

(i) Solve for Rj^j R2i Rj in terms of R^, Rg, R^ ^7 
(b) Solve for R^i Rg, R^ in terms of R]^, R2, R3 ^ 

Using electrical theory at points A — G 



+Rc 

B 



points b-c give : \;' 
^ ^ Rg + + 



points a-b givci 



Ri + R, = 



Rr' + R A + Ri 



Solving the. above 3 simultaneous equations yields for Rj, R2i Rj: 



RX + Rg + Rc 



R2 = 



^A '^B * 



^A^B 



^A ^B + 



Solving for R^, Rq) yields: 



Ra=- 



R^R2 + R1R3 + RjRj 

' R, " 



RjRj + RjIRj + RjRj RjRj + RjRg + R2R 



R 



1 



'3 



In the case of a balanced system (identical loads in the wye or delt^ connection), then 
it would follow that: ' . 



Rj R, = Ra = R„ = 



R. 



R/ 



3 



3R 



In a similar manner then: 
|1^ = Rb = Rc = R4 = 



Rv 



- 3R, 



24 



Problemsi 



1) Gjonvert the.delta sy^em below to an equivaient wye system i 



2x4 




1-^ 




2 + 3+4 
2x3 



^2-2 + 3+4 



.3x4 



2 + 3 + 4 



2) Convert a balanced wye system, each of whose loads are resistors of 2 ohms, to the 
' ■ eequwalent balanced delta , A . ' . 

; c • / ^- . • -^-^ ^- X • ' ■" 

At the end of this first semester dectrical cou^ 
derivative and the integral arc introduced even though the electrical student will riot'cover 
this material until the second semester math course (Technical M«h B MA-1 5). \ j 

The derivative concept is introduced as the slope and the^nteprims the area undet:^ 



the curve (with respect to the horizohtal axis) between two limits. 



Problemi / ' ' ^ ^ 

If the charge, q, in coulombs, and the current, i, in amperei, are related through the 
e^quation, i =j dq/dt, where t is the time in seconds, sketch the curve of the current, i, if the 
charge curve is given below i _ - ^ 




From 0 to 3 seconds the slope of the tang 

6 coulombs 

i - - 2 — — — , 
! 3 second 



e q curve is constant at 



From 3 to 5 seconds, the slope is 0 and from 5 to 7 seconds the. slope is^ 

6 cbulbmbi . . 

- ^ -3 — ^ - ^ (amperes) 

^ 2 second v ' 

From 7 seconds on the slope is again ^^erof ' 

The dq/dt or i curve is shown below * 



-3 




It4S pointed out to the students that the curves of two variables will have the 
identical sHape only If the variables are linw^ ' ■ 

' ' j . ' " 20 



' Problem 



\ 



The current, i, ciirve is shown below. Find the charge at t = 10 seconds if q = ) idt 



; J 



10 



The value of the charge, q, in toulonibs/ at the >^ 
area of the current curve with respect to ^he horizontal aKis (areas above the horteontal axis ^ 
are positive and thoseBBtow aire negative) from time — ^ to 10^ seconds. From minus infinity 
(-^M3o) to --2 seconds^ the curve area is zerO] from —2 to 0 secondSi the area is J x 2 or 4 , 
amperMecondi (coulombs); from 0 to 3 seconds; the area is zerdi from 3 to'7' seconds, 
the area is —4 x l^ or -^4 ampere-seconds and from 8 to 10 seconds th^area is 2 x 4/2= =H 
ampere-seconds. Therefore the net area from —2 to 10 sedonds is 4 ^ 4 + 4^ 4 ampere- 
seconds (coulombs) and the charge, qjat^lO seconds is 4 cou ' 

The second semester electrical course revolves around the sine wave. Electrical ppwer 
is generated world wide in a sinusoidal form. In a resistor the. voltage^ v^ ^ iRj in the 
inductor, v^ ^ L ^^^t and in the capacitor^ ^ -^j" idt Therefore^ if the current 
generated is sinusoidal, then the voltage across each of the electrical elements will also be 
sinusoidal. This allows the voltage across the three elements to be compared as to phase 
since all have the same wave form, sinusoidal. ' 

The concept of repeating or periodic waveforms is intrbduced. The alternating 
waveform (as a special case of the periodic waveform) is introduced where the definition ' 
of f (ac) ^ — f +Tr ) holds. Then the concept of the sine wave (or cosine wave) as a special 
shape of the alternating waveform is finally introduced and studied in detail, 
e sine wave is shown in the figure below as the variable current i 





' ^he absciisa is shown in degrees, radians and seconds, ^ ^ 

The period, T, is the time in seconds to complete one cycle (a complete sine wave). 
Since in the real world the current varies with time, the plot versus time is-of con- . 

siderable importanC€|C ' , ■ ^ 

The frequency, f, in cycles per second^ is by definition related to the periodi T, 

asf ^1. ^ 

T. . ' ■ , ' ^ , ■ ^> / 

The arriplitude or peak value and instantaneous values are discussed. n 



Problem 



if i ^ 10 slneJ77t - 10 sine a, find the period, the frequency and sketch the sine wave 
,vihus the angie/a, in degrees and radians and also versus the timCj t, in seconds. 

The number 377 has the units of radians per second if t is in seconds, and may be 
expressed in a more convenient form as 27r (60). For 377t = a to be Zn radians, then the value 
of t = 1/60 second (the period. T). 

Therefore, the period, T, is 1/60 second and the frequency, f, is the reciprocal of T and 
is 60 cycles per second (cps or hertz). This is the standard frequency in the United States ^ 
for the generation of electrical power: The term multiplying t, 377, is in radians per second 
and is called tHe^ngular velocity (related to revolutions per second). Obviously the angular 
velocity, w = 2#f = 27r/T. i 



Problem 




For the above Waveform, if a = 30 de|reesyivhat is the corresponding instantaneous 
value of time? / - 



t 
T 



3,0 
360 



1 30 

t ^ X — 
60 360 



1 



720 



second 



A very important concept is to compare two sine waves of the same frequency as to' phase;. 

Problem ' . ' 

What is the phase relation between the sinusoidal current and voltage wave (of the same 
frequency) shown below? ^ ^ f 




The phase relation is independent of the amplitudes and is concerned with comparing 
identical points of two sine waves (the two positive peaks, the points where both are zero in 
magnitude and increasing positively). In the above figure, the electrical phraseolo^ is that 
the current wive, i, leads (starts out earlier in time) the voltage wave^ v, by 50 degrees. It 
may also be stated that the voltage wave lags the current wave by SO degrees. 

Two waveforms that are in phase br 180 degrees out of phase are shown below. 



Problem 

Sketch the following waveforms: (1) i ^ SO sin (ex = 20) . (2) v ^ 20 sin (a + 30) 
' . Waveform (1) starts 20 degrees to the right of the origin. Waveform (2) starts 30 degrees 
to the left of the origin. 




Problems * 
What is the phase relation between the following wavefornis? 

(1) i - 10 sin (a + 50) v=3sin(a+30) 

i leads v by 20 degrees or v lags i by 20 degrees 

(2) i* --10 sin (a + 120) v ^ 5 sin (a -60) ^ 
The minus sign indicate a phase shift of ±180 degrees; therefore to remove 
the minus sign* shift the wave ±180 degrees. . . 

i = -10 sin (a + 120) = 10 sin (a - 60) v^ 5 sin (a- 60) 

The wave forms are in phase. | 

(3) i ^ 3 cosine {ot - 20) v = 72 sine to + 30) i . 

To change a cosine wave to a sine wave, simply add 90 degrees; that is, 
cos ^ ^ sin (a + 90), I 

i ^ 3 COS (a- 20) ^ 3 sin (a + 70) v = 72 sin (a + 30) 

The current wave leads the voltage wave by 40 degrees or the voltage wave 
lags the current wave by 40 degrees. 

Two important values of wave forms (periodic), are the average and effective - 
values ovec a complete cycle. 

' Thb average value is simply , the net area divided by the length of the cycle of 
the waveforms. / . : ^ , 

' f - ■ ■ ■■ " ' ' ' ■ . , " V . , 

/ '\ \ , J . 23^ ■ ^ . " 

' ^'■ ^ - . 28 ■ 



Problems 

Find the average value over the complete cycle for the foUowingi 
CD . 




(2) 



The net area is 2 x 4 — 
4 amp-sec 



ave 



8 sec 



4x2 



= 8 — 4 = 4 amp-sec. 



^ 0,5 amperes. 



1 






0 





The average value is zero by inspection, since the area of the positive alterhation is equal 
and opposite to that of the negative alternation. The average value of a sine wave is zero 
over the full cycle. In the laboratory^ a dc ammeter, which reads the average value of a peri= 
odic waveform over one cycle, is used to measure sinusoidal current. It is therefore obvious 
(and one is not -^shocked'O that the reading will be zero. 

(3) Of interest. to the tGchnician is the average value of one alternation. Referring to the 
previous problem and using the 'calculus: 



1 ^ . ^ 10 f ' Iff 
Iflvp^ -^i lOsmoda^-— [-cosa];^ 



10 2 _ 20 

^ — [1 + 1] ^ - (10) = — amperes 
ave ^ jj. ^ 



As a general rule, the average value for one alternation is 2/?r(or 0.636) times the peak or 
maximum value of the sine wave. . 



Y ■• ■29 ■■ - . 

. .■.■24 



The student is also asked to graphically compute the above value by plotting the sine 
wave on a graph sheet which is **boxed'' and obtaining the area of the alternation by count- 
ing the number of boxes included between it and the horizontal axis. The average value is 
then obtained by dividing by the number of boxes along the abscissa corresponding to the 
length of the alternation. 

Of equal importance to the average value is the effective or RMS (roor-mean-square) 
value of a repeating waveform since in electrical circuits this value is a measure of the 
amount of electi;ical power converted into heat. ^ 

The effective value is defined as 5 : ? 



^eff 



[i(a)]^d« 



or 




Since the student, at this point, has yet to be exposed to integration in his mathemalic^ 
course, the following steps are outlined to him to obtain the answer graphically. 
■ ^ = ■ . ■ = . ' ' ./ 

To obtain the effective value: 

(1) Square each ordinate of the given waveform and plot this new "squared'* wave- 
form . , 
' . (2) Obtain the net area of the waveform generated in (1) over the conrfglete cycle. 

(3) Obtain an average value by dividing by the length of the period . s v 

(4) Take the square root of the answer obtained in (3), 
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Problems ^i 

(1) Find the effective value of the repeating voltage waveform shown below over one cycle 



r 7 



cwele 



Step 1— Square each ordiiiate and sketch new wave* 



4 r t / 



Step 2 

Obtain the net area over one cycle ^ ^ . 

Net area « 16 x 4 volt2 - sec + 4 x 2 (note that all areas are ilways positive" due to the 
squaring of the ordinate). ' 
Net area'= 72 volt?- sec 



Step 3 - ^ 

72 V2 ^ sec . ^2 
The average value of Step 2 over 1 cycle is — = 9 volt 



sec 



Step 4 



The effective value of voltage is now* Egf^ =^9 Volt ='3 volts 



The practical significance of the 3 volts is that this constant value of voltage gives the 
same heating effect as the priginal repeating waveform of voltage. 



ft 
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(2) Find the effective value of the sine wave, i = 10 sin c^, over one cycle. 

The student is asked to do this problem graphically on boxed graph paper and obtain 
the area under the square curve by counting boxes. Following steps 1--4 the answer will be 
approximated 7.1 amperes. 

Later, in the semester as the student proceeds with calculus in his mathematics course, a 
general proof of the sine wave effective value is given / . - ■ ^ 




Let i = 10 sin Qf_ 



but sin a = 



h cos 




By inspection j the latter integral is zero, since the net area of a sinusoidal wave is zero over the 
full cycle, _ 






which approximates the answer of 7,1 amperes in problem (2). 



In generaK since 10 is the peak or maximum value, the effective value of a sine wave 
over one cycle is the maximum value over the square root of two or 0,707 times the 



maximum. 




max 



/ 



In lay language when a toaster (or any other appliance) is rated 7 amperes, it means that 
the effective value of the sine wave of currept through the toaster is 7 amperes! The actual 
sine wave of current is i ^ 7{Tsin ol and if the frequency is 60 cpSj then the current is 
i = 7{2^sine 377 T in the time domain. • 
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(3) Find the effcGtive value of current for the full rectified sine wave shown below 
over one cycle, 




The answer is immediately 10(0 J07) ^ 7.07 amperes since it will be the same answer 
as for the '-regular'' sine wave (when the ordinate is squared ^ the new squared curve will be 
identical in both cases). 

The student must become adept in the solution of electrical circuits with a sinusoidal 
input of voltage since this is the norm in '^real" life. In linear circuits (those in which the 
electrical p rameters, R, L and C are constant and do not depend on the input-cause), the 
effect (current) is always of the same shape as the cause (the input voltage). In non-linear 
circuits, the values of some of the circuit parameters vary with magnitude of the input 
voltage; thus the input (cause) and the output (effect) will differ in waveforms. This area of 
circuit theory is quite difficult and is treated in the more advanced electrical courses. 

The solution of electrical linear circuits with sine wave inputs involves the addition, 
subtraction, multiplication, and division of sine waves of the same frequency. If this were to 
be done in the time domain, the mathematics would,be cumbersome and time-consuming. 
The electrical engineer therefore developed a type of **electrical shorthand." 

This electrical shorthand converts sinusoidal time expressions into the phaser (complex 
numbers) domain. The mathematics is^performed much more easily in the phaser domain 
and then the answer is converted back, if necessary, into the time domain. However, elec- 
trical parlance most often occurs in the phaser domain so that the time domain conversion 

is often not necessary. 

It can oe shown that sine waves can be converted to an "unreal" world for expediency 
in mathematical solutions. For instances / 

time domain ■ phaser domain 

i=10sin(377 t + 30°) _ 10<(3p^ 

V = 5 cos (377 t = 100°) * 5 sin (377 t - 10°) ^ 5 ^10^ 

Note that conversion to, the phaser domain docs not show the frequency (60 cps in this 
case), but always assumes that in any mathematical solution, the sine waves are of the same 
frequency. The phaser only shows the peak value and the phase angle of the sine wave. Th? 
phase angle is referenced to the sine wave originating at the origin (sin a). 

Since all "electrical talk" refers to effective values, jhe conversion to the phaser domain 
should always show effective values (unless otherwise stated); therefore, in electrical short- 
hand, the conversion is actually done as follows: 

time domain phaser dornajn^: 

/ i ^ i0sin(377 t+30X «^ 10 (.707)^0 ^ 7.0^0 

ym S cost (377 t " 100) = 5 sin (377 t- 10) ^5 (.707)^10 ^3 / 



Problems 

(1) Convert i = 7 sin (a + 20) to the phaser domain I « -7 ij07)^0 = 
where I is the symbol for the phaser. \ 

Note that the magnitude is expressed in effective values. 

(2) f ^ 25 cps, y- 10<^62^ 

Fini^ the sinusoidal time expression for the yoltage, v. * 

f ^ 25 cpsw= 2ff (25)s 157 radians/sec , 
sin (157t - 62^) = 14.14 sin (157t - 62^) 



--10,0^0 



V =s 



0J07 



Complex numbers are expressed in the polar fortn for ease of multiplication or division 
and in the rectangular or cartesian coordinate form for ease in addition and subtraction. The 
student must be able to convert quickly from one form to the other. 
- A slide rule session will show the ease of these conversions. 
With the advent of th£ ubiquitous calculator, the ET Department is in the process of 
shifting from the slide rule to the calculator. 

A phaser diagram with the abscissa as the real axis and the ordinate as the "j" axis 
^is is not used in order to avoid confusion with the electrical current, i) is used to show 
the phasers. \ . 



fea\ 
'Ho 



The above phaser diagram shows that the voltage, V, leads the current, I, by 70 degrees 
or that I lags V by 70 degrees, 

Pf oblem " ' ' y. 

Convert 3 sin lS7t + 4 cos 1 S7t into one sinusoidal expression. ^ 

3 sin 157t ~ 3Z0^= 3 +jO 

4cosl57t«4^ Ojtil 

' ■ Sum = 3 +i4^ 5/53 

5/53 ^5 sin(157t + 53) Ans> 

Note, that the conversion to the phaser domain used peak values since a conversion back 
to the time was also necessary, . , v. 

In the solution of sinusoidal electrical circuits the opposition (ohms) of the electrical ^ 

clemenjCs must also be expressed as phasers (although it must be remembered *that only ^ 

voltages and currents are sinusoidal expressions of time) in order to have continuity of 

mathematics. ' ' 

f he resistor, R, has an impedance (opposition) of R<p, the coil, L, has an impe^nce, 

Xl of X|j^90 m j^L and the capacitor, C, has an impedance, X^, of Xg^PO - -j ^ j 
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Problem 



Unless otherwise indicated, all phaser values of voltages and currents are effectii'e values,; 
Solve the foUovi^ing series circuit for total impedance, total current, voltage across the 
resistor and the voltage across the coil. Dravi' the phaser diagram. 



The total iitipedance, Z, «= 3 + j4 - 5 /53 



V ioo/o / 

I = _ _ f— » 20^53 



Z 5 /53 
Vi^ = IR = 20^53 3^ = 60^53 

Vl = IXl = 20^53 4^0 = 80^7 



As a check using Kirchoff's voltage law, V'= + V^^ 



' = 60/-53 » 36 -j4.8 . 

! Vl ° 80^37 = 64-148 

' Sum =100 +jO =100^ 

which checks with the value of the input voltage, V, that was givdn above. 



i 




Problem ; , s 

(1) Calculate the total impedance of the parallel ^circuic shovvn below and indicate tbe nature 
of this impedance. X 



T 



product of impedance s 



sum of impedances 
6/90 4 ^0 24/0 



24/0 



= 12 



j6-j4 . j2 2 /90 

This represents a capacitive reactance, X^, of 12 ohms 



(2) Find the current, Ij, in the circuit bplow using mesh analysis 



^0 




loop abcfa (applying Kirchhoff's voltage law) 

..Ej -Ij, (Xl + R) -I2R = 0 
cq. 1 ' . v. = Ij (R,+ Xl) + I2R ■ ' 
loop cdcfe (applying Kirchhoff's voltage law) 

£2 -'2 ^'^c + ^i^'H'^^^ 
eq.2 E2 = iiR + l2(R'+Xp 

substituting values into equation 1 •yields: 

eq.'la; ' 2^ « (4 + j2)' Ii' + 4l2 
Solving for I, using' determinants yields: 



■ ii = 



I 6/0 



4 + j2 4. 
4 4-jl 

8 -j2 - 24 



,eqr2^ 6^ = 4Ij + (4 - jl) L 

■ ■ ^ . f, 

2(4-.jl> = 4(6) . ■ , , 



(4;+j2) (4-jl)--4:(4) 



• 16-j2 i6.l/r-171 



16+j4 + 2-16 , 2 + j4 4.47/63 

~Ij B.3,6^236 ; or 3.6^124 amperes 
An ac ammeter placed in the circuit would read 3.6 amperes (effective value). , 
If the frequency were dOicps, then conversioh to the time domain would yield; 



ij a 3.6 J 2 sin (377t + 124) amperes 



Problem 

In theocircuit below find the value of R for maximum power transfer to it and then 
compute the value of this maximum power, 




E 100 0 volts 

The power^ P, dissipated in tho^resistorj R, is equal to I R watts but i = E 



dp (R + Rint)2 e2 ^ Re2 (2) (R + Rj„j) 



To find the maximum value (slope = 0), set the derivative equal to zero? 
dp (R + Rjnt)^ e2 -= Re2 (2) (R + Rint) . 

0 



dR\ (R.Rj„,)4 
0»(R + RX^2_2R(R + R.jjj) 

0 - r2 + 2R RJ^ + Ri„t =■ 2R2 ^ 2R R-^ 



0 = R;„,2 ^ r2 + R) (R.^^ _ R) 

(rejects since physically there is no negative resistor 




Since physically the minimum power would orcur in R when R = Oj the value shown 
indicates the value for maximum power. \^ \ 

Therefore in a series circuit the maximum power o^urs in a load resistor/ when its 
valije is equal to the internal resistance^ ^int * sourSeVThis is an important theorem^ 



known as the "Maximum Power Transfer Theorem". 

In this problem therefore set R = Rj^t ^ ^ ohms. \ 
For the condition for maximum power transferi 

E 100 

. = I"—— —- = -——-—- = 25 amperes 

Ririt^R. 2 + 2 

: P^^^ = I^R ^ (25)2 = 1250 watts; 



max 

Although th^ power transferred to R is a maximum when R - Rint. efficiency of 
trai^smission is only 50 per cent since an equal amoi/nt is being dissipated in Rj^^ • 
This problem is checkad experimentally in the labpr^^ 



ELECTRONICS 

In electronics a problem frequently encountered is the graphical solution of a! straight 
line and a non*linear curve. The non-linear curve is usually one supplied by the manufacturer 
and may refer to the volt-ampere relations in a vacuum diode (two-element device) or in a 
semi-conductor diode. 

Refer below to a fundamental diode circuit. / 



where E and R are given 




circuit values 



Writing Kirchhoff s voltage law around the series loop yields? E « Vp + IpR 



-V 



Solving for Irj gives: eq. 1 In * 



D E 



^ivcs: cq. i Ip a — ^ + — where the variables arc Ip (ordinate) and Vp (a 

Equation 1 is in the form y ^ mx + b where y ^ Ip, m ^ — 4 , x = D and b is the ordinate 

. F R 

(or y) intercept = , 

The abscissa (or x) intercept may be found by setting Ip(y) equal to zero. This yields the 
abscissa intercept as Vp^E. 

Equation 1 has 2 variables (Ip and Vp) and^ therefore, a minimum of 2 equations is 
necessary for their solution. ' 

The second equation is supplied in graphical form by the manufacturer and is shown 
below fojpthe two types of diode, . 



ssa) 




oad line 



If the given circuit values are E = 50 volts and the load resistor, R, is 5 kildhms, then 
equation (1), often called the load line, is a straight line with the ordinate intercept equal to 

E 50v ' ■ : _ 

V ; ^ ^^^^^^^^^ 

and the abscissa intercept equal to E = 50 volts. Having these two points on the scraight line, 
the straight line is plotted above. For the vacuum tube diode, the Q or operating point is 
obtained as the intersection of this straight line with the manufacturer's characteristics. 
The Q point yields approximate values of Vp ^ 27 volts and Ip ^ 4.ftma. 

In a similar'fashion, for the semidoriductor diode, the Q point coordinates are: 
' Vp = 3 volts and Ij^ ^ 9 J^a. 

' ' ' ■ \ ' ri% ■ .... 



I 

Probleni 2 



(1) Using Shockley^s equation, - Ipgs (1 — ) , find the transistor current, I 

if I]^gg = lO^a and Vp ^ — 5v"(nianufacturer's data) and Vqj = ^2 J v. 



(2) For the half wave rectified sine wave shown, compute the average value over the 
full cycle, 



Ml l/T\ 




E 



1 ^ . /- 



27r J 



v(a) da ^ — sim dot j 



% % / 

27r 27r ' tt 

In geheral, the average value of a half wave rectified sine wave oven the full cycle is 0 J 18 
times the maximum value, . . , 

The dccibel(db) had as its origin the fact that power and audio levels are related on a 
rlogarithmic basis. When referring to voltage levels, the decibej is defined by: 



db = 20 logjQ 



Problems 

(1) If V2/Vj is 100, how many decibels does it represent? 

db - 20 logjo 100 -20 (2) = 40 db. 

(2) If the decibels are equal to 6^ what is the voltage ratiOj V^/Vj? 

■ . . - " " ■ ^2 . 

6 = 20 logjo N when N = — 



In electrical terms, if tWe voltage gain, V2/Vj, drops by 6 decibels, it means that the 
ratio, V2A^ p is down by a factor of 2 or the new gain is VI of the former voltage gain. If the 
volt^e gain increases by 6 dedbelh, it signifies that the voltage gain has doubled over the \ 
previous value. - , 

The significance of 0 db indicates that the voltage ratio is unity, 



db * 20 logio 0 = 20 logio -~ 0 = logio 




*Or if one remembers that the log of a number is the exponent to which the base must be 
raised to equal the number, it follows that ^ 
n ^2 

10 = ~ = 1 since 10 to the zero exponent is unity. 



The frequency response of an amplifier is a plot of the voltage gain, V2/V1, (as a dimension- 
less ratio) versus frequency. For convenience, since the range of frequencies is very large, this 
plot is done on semi-log paper. It should be.noted that no zero frequency can ever appear on 
the abscissa (see the attached semi=log sheetj which is a 4-cycle paper with, the frequency 
varying from 100 to 1,000,000 cycles per second. 
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TRANSIENT CIRCUIT ANALYSIS ^ 

Histbrically, the student in electrical technology is exposed to a higher level pf mathe- 
matics than those in other engineering technologies. The ET student may be required to ; 
take a math course beyond the applied technical calculus course which, would involve an 
introduction to differential equations and the Laplace transform. This additional mathe= 
marics is essential to solve prpblems involving the transient conditions in an electrical 

circuit. ^ - ^ 

For example, in turning.on a switch to light.a fluorescent bulb, it takes a finite amount 
of time for the bulb to light after the switch is in the **on" position. The condition after 
thebuib^is finally lighted is termedthe steady state or final conditipnb Wh'artranspires 
before th# steady state condition is reached would come under the area of technology/ 
known as the transient condition. ' ^ . 

In some colleges, the course is taught by the mathematics department. At 
Queensborough, tj^e course, ET-^IS. Transient Circuit Analysis, is taught by the technical' ; 
, department This appears to be more logical since the practidal applications of the mathe- 
matics are of paramount interest to the technical student; 

Undoubtedly, one of the most important mathematical functions in all of pure and , 
applied scierfce and ^engineering, including transients in electrical cii^cuits, is that general 
function, Ae^^, which'duplicates its shape when differentiated or integrated. Let m'fim con- 
sider the function when "s" is equal to a negative real number. - ' 

As an example, conSidar the function, L - e^^^, wHerfA "s" is eyidently^equal to r;2. It is 
desired to plot this function versus "t" from the enginw , / - 

A time equal to T is defined as the time constant. This time constant is defined as the 
value of "t**^. which makes the exponent of the^ function^equal to one in magnitude. From 
this definition, the timi^constanti T, is equfl to Vi'second. 

The table shown below is filled in for values of t from 0 to fiya time constants in steps 
of one time constant, ^ v / ^ : 



2 ^-'^^ 
2(4T) 

|(5T) 



e-2t 






1 ., -1 ' 


= I 




= 0.368 • 


= 0.368 




» (0.368)2 


= 0.135 




- (0.368)3 • 


= 0.0498 




=/(0.368)'^ 


= 0.0183 


e-5 


= (0.368)5 


= 0.00674 



. The above table indicates that, in five time constants, the value of the original function at . 
t = 0 Ms decreased to ^ value equal to 0.674 per cent of the initial value (t = 0). For practical 
purposes in engineering, it is said that the function ha^ dropped to a *;zero" vAlue (that is, to 
a value much smaller th^ its initial value). After five time constams h^e elapsed, the i, 
■ transient period is considered over or the transient value is now ze^o. The, table also indicates ' 
that for each time constanti T, the function decreases by the factor 0 J68. : 



The plot of i =, e for five time constants is shown below. 




ifT ST 

The course will be concerned with the solution of differential equations up to the 
second order which are linear and have constant coefficients. 

Consider the circuit shown below. 
^ _ / fi,^ % ohms 



111 



Solve for i (t), for t > 0^ and plot the curve. / 
. f From electrical theory, the differential equation (D.E.) isr ^ . 

* i ' di , , \ 

! E = Ri + L— (1st order) . 

r . ■ ^ - dt ■ 

I 10 a 2i + 5 — ^ (eq. 1) N • ' 

\ The complete solution for the current, i, consists of two parts - the fbrced response, i^ 
due to the source (10 volts) and tWe natural response, i^j, due to the circuit conflguration* 
The natural response is independent of the wa'veforn^ ,or nature of the source. 

i The complete solution is the sum of these two components, 

; In mathematici the forced response is called the particular solution and the natural 
response is familiarly known as the complementary solution, 

'\ Since the forced response must have the same waveform as the input (which is the 
constants 10) let if ^ I, a constant. Substituting into equation 1, yields \ ^ " 
10 - 21 + 5(0) since the derivative of a constant is ze^ 
10 ^ 21 or I ^ i£^ 5 amperes " \^ 

The natural response is obtained by setting the source equal to>.ero. Therefore, 
equation 1 yieldsr 



di„ 

0 = 2i^ + 5 — 
" dt 



(eq, 2) 
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Equation 2 indicates that the Solution for i^^ (other than the trivial solution of i,^ = 0) 
must be such that a function and its derivative must add up to zero for ail values of t. This' 
clearly indicates that the function arid its derivative must have the same waveshape and one 
must be the negative o¥ the other/Therefore, the solution for i^ is assumed to bei 

l^^ Ae^^ , where "s*/ will be a negative real number* 
Substituting this solution into equation 2 yields^ 

, 0 = 2Ae" + SsAe^^ 0 =^ 2 + 5s (eq, 3) 
_2t ^ ^ ' - ^ .. ' 
Therefore, i^^ Ae T (eq. 4) . 



2 



and the complete solution for the current is ^ 



1 =,if + 1 



=2t_ 
= 5 + Ae 



(eq. 4) 



Equation 3 is called the characteristic equation and is determined SQlely hy-the circuit 
elements and not by the waveform of the source. ; 

There now remains the computation for the constanti A, to complete the solution/ 
Using electrical theory at t = 0^, i s 0. Substituting this b into 
equation 4 yields: \ 



0^5+Ae 5 a5+A 



or 



A = -5 



-2t 

i = 5 - 5e ^ 



(for t > 0^) 



-2t 



The first term, 5, represents the forced response,^ and the second term, ^5e ^ / 
represents the natural ( or transient ) response. It is to be noted that, in practigal problems,, 
the transient response will approach zero as t approaches infinity. In engineering problems, 
the natural (transient) response will be zero in five time constants as indicated previously. 

The tinie constant for the exponential term is: T = s= 2.5 seconds. 
Therefore, the natural response will die out (approach zero) in 5T or 12 J seconds and the 
forced response (steady state value) will be a constant of 5 amperes analogous to the con- 
stant input of 10 VQlts. , ^ . 

IThe characteristic equation (eq, 3) can be quickly obtained from equation 2 by the jj 

"mechanicar^ substitution of 1 for the variable, i^, and s for the derivative of the variable, ~= 

I * * . II ' ^ dt 

If an integral term appears in equation 2, then the **mechanical" substitution can be ■ ^ 

shcjwn to be 1/^. . . \ . 

The plot of the solution for the total current, i, is shown below as the sum of the^ 

constant, 5, and the exponential term.^ 

' " . " = ' -5e 



T 
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For the circuit below, solve for the charge^ q, for t>0^. and iketch the curve 



T 



T 



4, pArat 



dq q 
(It C 

10 = 4 + 2q 



/ 



0 = 4s + 2(1) charafcteristic equation 



0 = 4s + 2 



V 



T » 2 secdnds 



= Q (constant) 
10 = 4(0) + or Q = q£ " 5 coulombs 

q = qf+qn = 5 + Ae-^ 



at t f 0^, q = 0 

0 = 5+Ae--=S+A 
2 



,A = -5 



Example 2 , v \k ' 

' A circuit is denned by the equation shown below* How long will it take for Jhe circuit to 
ref ch the steady state response? (Or how long will it take for the naturar [transient] re-, 
ipbnse to die out?) 

3 sin St - 2i + 3/i dt , . \ 

The equation for the complementary solution is obtained by setting the source equal to 
' zero. / 0 = 2i+J/idt • ■ ^ 

. The characteristic equation is determined by making the appropriate mechanical sub- - 
stitutions. ^ 

• ■ 0 = 2(1) + 3 — 3 3 i 

The time constant is therefore 2/3 seconds. ' . 

The natural response will die out in 5 time constants, or 10/3 seconds.- 

_ ' - ' ■ - — ■ . ^ . ^ ^' ■ 

Example 3 - : 



A circuit is defined by the equation shown below. Find the forced response only. 

. 100 sin 10 t = 3 ~ + 40v 

. i dt 

The forced response, v^^ must be a-sine wave of the same form as the input, 100 sin lOt. 

Vf = K sin (lOt + 9), of it may be expressed in the more convenient form, :^ 

V£- A cos 10 t + B sin lOtK 
Substitution into the differential equationl j^eldsi 

; idO sin lOt^aJ (-10 A sin 10^-*- l^B cos lot) 
+ 40A cos lot + ^OBMn lOt 
^ 100 sin lOt =^ (-30A + 40 B) sin\lOt ^^^^ 



+ (30B + 40A) cos lOt 



Equating the coefficients of the sine and cosine terms on both sides of the equation 
yields: " 

10b^-3OA + 4OB orl0^3A + 4B 0=^40A + 30B or 0==^4A + 3B 
' Solvii^forAandByields: A=-^, B-^ 

Therefore, the solution for the forced response isi v^^^ sin lOt — 6- cos lOt 

' ^ " ^ ; ' ' ^ * '5 ^ 5^ 

The sine and cosine terms can be combined into one sinusoidal term by using phasers* 

8 / 8 y 8 6 ^ y 6 . j 

- sm lot ^ -cO = - - - cos lot ^ - -OO ^ — 1 - 



8 . 6 10 , 

5 H---^-37 . 2^-37 



The conversion back from the phaser domain into the time domain yieldss 

Vf = 2 sin (lOt - 37°) 



Exaniple 4 

Solve the following differential equation for i (t), for t > 0+, and sketch the curve. 
The initial conditions are i i (0^y= 0 and d 

d^i . . /di _\ ' 

dt2 dt 

Let if s I and substituting into eq. 5 • 
0 + 4(0) + 31 = 270 if^I = 90 

Let the natural response be i^^ = Ae^^ and obtainiftg the characteristic equation by 
mechanical substitution (remember that the substitution for the^second-derivaiive-is,s^* 
$2 + 4s + 3(1)^0 ^ ; ' ' ; 

s2 + 4i + 3 ^ 0 
(s + 3) (s + 1) = 0 / 



There are now two time constants. One is equal to 1 second and4he second is equal to 1/3 
icdond* The first term dies but in 5 seconds and the second in 5/3 seconds. Therefore, using the 
longer time constant, the natural response will die out (approach zero) in 5 sieconds. 



-1 



+ A^e 



.-3t 



i = i£ + ij^ ^PO + A^e'^ + A2e^^^ (eq. 6) 
at t^ 0 i i = 0 therefore from eq. 6 



0 = 90 + Aj + A2 (eq. 7) 
^ dt 



differentiating equation 6 yields: —1-= 0 - A^e 

dt , 

substituting the bdundary condition into eq. 8 
" 0 = 0-Ai -3A2 s-Aj -SAj (eq, 9) 

Solving equations 7 and 9 simultaneously yields 



di _ rt A „ -t 3 A -3t 



(eq. 8) 



A 



1 



-135 



A-, =45 



i ■ 90 - 135e + 4Se '^^ (solution) 



The plot of the curve is shown below. 




seconds 



The above plot for the total current,1, is known as the non-oscillatory or overdamped 
case. This dccurs in the second order system when the values of s are real, negative and 
unequal, 41 



Example 5 

Solve the following circuit for i(t), for t > 0^ and sketch the curve. 



1 




T ■ ' ^ i ■ , 

E = Ri + L — • + - / 1 dt • 
dt r 

12=,2i+ 1 + 17./: idt '(eq. 10) . 

dt ' . - . 

From electrical theory, the forced response of the current, if, is zero. The boundary 

conditions at t = 0. are i = 0 and di/dt = 12 amperes per second. 

The characteristjc equation from equation 10 is . 

0-^(1) + ls + 17(i) 

- 0 = 2 + s + -^ 

0 = 2s + s2 + 17 ■ 



, -2 ±\ 4 - 68 

d = s^ + 2s + 17 s= — — — -="l±j4 

■ . ■ s : .■ 2 ^ 

The natural response, ijj, is of the form Ke^*- , 



i^ = e^t (Ki#^ + Kje^^t) (eq. 1 1) 
Recalling that ^ ''^ is the sinusoidal v^ave, cos x, then equation 11 may be written 



2 

aidn = e^MK3 cos 4t + 0) 

or in the more convenient form of 



i = i£+ i^ - 0 t e ^ (A sin 4t + B cos 4t) / i^e ^ (A sin 4t + B cos 4t) 

^ / att = 0^iir 0 

Therefore, equation 12 yieldsi 0^1 [A (0) + B (1)] B- Q 

Differentiating equation 12 yields i . /\ 

^ = e^t 4B gin 4j)/ 

H'(Asin4t + Bcost4t)(-l)(e^^) ' . 

12 « 1 i4A (1) - 4B (0)L+ [A(0) +'B(l)] (=1) (1) Since B - 0 

• ■ ■ \ 12 = 4A , A = 3 ' . , ■ ■ 

Therefore, the solution for the t'otarcurrent, i, is!' 

i = 3e~' sin 4t. /(Solution) 
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The above solution is called the damped sine wave. The time constant of the exponential 
term is 1 second and it will die out in five time constants or 5 seconds. The period (time for 
one cycle) of the sine wave is I 27r tt 

— — = — m 1.57 seconds. 

. . : 4 2",''" 

Since the current will die out (appro|ch zero) in 5 seconds, the sine wave will go through 

p or 3.2 cycles before approaching zero. 
-The-plot of-this oscillatory- or-underdamped^c^^ 
lates between the enVelope determined by 3e^^ and its mirror image — 3e 




Damped Sinusoidal Wave 

The method previously outlined for solving electrical problems in the transient con- 
dition is known as the **classicar- method. Electrical engineering technology has developed 
several other methods easier and at times more sophisticated. These methods have as 
their basis nothing more^ than simple algebra. ^ ; 

. As indicated previously* the signal of probably greatest importance in electrical 
engineering is the one indicated below i 

ysKe^V (eq. 1) \ - , ) 

The nature of theiignal Jn equation 1 is U function of the amplitude, K, which is simply 
the value of the function, y, at t^ 0 and of the quantity, s, which is called the complex 
frequency. It will be shown that the function* y, will assume a variety of Waveforms 
depending upon the value of the quantity, s. In fact, by the superposition principles of 
summing exponential terms having different values of K and s, almost any wave shape 
J of engineering importance can be generated, ' 



■ ■ — \. ■ . , . ■' . . . 

\ If s ^ 0 is substituted into equation 1, the resultant function becomesi 

y^K^^K . (eq.2) 
which is simply. a constant (or direct current value of K. Since it is assumed that y = 0 for 
t<0 and y = K for t>0, the resulting ''step'Ms shown below. ... 



4 



. If i equals —"a" (when **a-Ms positive and real), then equation ^ 
y = Ke^" <eq^3) 

This is the waveform of the decreasing exponential with a time constant, T, of 1/a seconds 
and which will decay to zero for practical enginaering purposes in S time'constants. This 
\ waveform is shown below and a thorough discussion of its plot was given previously. 

\: - - 




ST 



If the value of s is positive and real and equal to "a", then equation 1 becomes; . 

y = Ke" (eq. 4) - • : / , ^ ^ ' 

This waveform is an increasing exponential curve which increases to infinity with time, This 
function is of negligible practical interest from an engineering point of view. It is.shown 
below. \ 




For the value of s pure imagina^s^nd equal to jWj then equation 1 becomesi 

but since imaginary values occur in complex conjugate pairSj equation 1 would yield- 

y = K (e + eH^t ) or the sinusoid 
y ^ A cosine wt (eq, 5) 
The plot of this waveform is obvious, " . 
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For s equal to a complex number with a negative, real part, then equation 1 becomesi 

. y = K(e-a+J^+:e:^aH^^) , 

' y^Ke^«^Jwt:,^^wtj 

which is the exponentially damped sinusoid of the general formi 
. y = Ae"^^^ sine (wt + 6) (eq. 6) 

The plot of this waveform was previously discussed and is sketched below.' 




If the voltage input is of the form v = Ve^^ or the current, i = le^^, the operational 
values of the opposition (impedance) may be easily derived for the three electrical 
components, L and C. 

' ifi-Ie^« 



AT 



then V ^ Ri ^ Rle^^ 

but Z ^ ^ ohms (opposition) 

however V = RI (the amplitude of e) 



so Z ^ Si R or the opposition 
(impedance) of a resistor, R, is the value of the resistance and independent of the 
value of s, \^ \ ^ 

For the inductancej L, 

v=L#- 

dt ; 

iM = Ie«then^^-sIe^« 

and ve - Lsle^^ where the amplitude of V =^ Lsl 

V sLI • . . J , . . \ 

Z = — a — — ^ sL, or the opposition (impedance) of a coil is 

sL ohms and depends on the value of s. ' „ 




1 = C 



_dv 

dt 



dv 



ifv = Ve" then ■— = Vse 
dt 



St 



and i = CVse^* where the amplitude of i is sCV. 

/Z = y.=^ = -1 ohms 
I sCV sC 
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The impedance of a capacitor is inversely proportional to the value of s. ; ^.i 
• The above relationships are of importance in obtaining the characteristic equation of 
an electrical circuit without having to write the differential equation* If the value of the 
circuit impedance is set to zero, then the characteristic equation is easily obtained. 



Example 1 




In a series circuit, the toal impedance is the sum of the individual impedances. 

' - ^ ;^ ■ -1- ' • - 

• Therefore, Z(s) = R + sL + = 4 + Is + — 

sC . 

^ — . ; = ^ . ^ 3 

Setting Z (s) ^ 0 yields the characteristic equation of the circuit: 
0=4+s+^ \ , , 

0 = s2 + 4s + 3 — — . 

» (s + 3)(s+ 1)^0 . / ^ / 

Therefore the form of the iiatural (complenlentary) solution is: . 

Ae^^ + Be^3t . \^ 

The forced (steady state or particular) solu^tipn is obtained from electrical theory. The 
complete solution (needing boundary conditions) is obtaihed from knowing the electrical 
input* 

As the circuits becorhe more complicated, simultaneous^ differential equations would 
have to be solved. The operational impedance ^ethod is relatf&ilyg^imple apd requ|ri^ 
' algebra. ■ ' - \ *^ ^ ^ ^ 

The ■ "transfer function,** which is defined as\the ratio of an output (effect) amplitude - 
to the input (cause) amplitude for an exponential input of the form e^^ provides the , 
complete solution to a transient problem. The transfer function will be denoted by T(§) and 
for a particular value of s, It represents the gain - the ratio of an output to an Input. 

In this method the substitution of the value of s Corresponding to the input will yield 
the forced (particular) solution and setting the denominator equal, to zero will yield the 
characteristic equation and thus the form of the natural (complementary) solution* 



Example-2= 



J ^ I ' Let V equal a dc (constant) 

nr^Ve-"^ J - I 1 ^^'^C^ input of 30 volts: 



From simple electrical theory, the transfer function, T(s) is simply a ratio of the output (current) 
amplitude to the input (voltage) amplitude. V. 



where R ^ sLlssimpIylhe impeaince 



_ I 11 
V = IZ or - ^ - 



V 2 R + sL . 
The input voltage has a magnitude of 30, and the value of s (for the input) is zero since v - 30 

and for dc, s - 0: , 

Substituting these values of the input into equation 7 yields the forced resporise for the 

. ! current as follows i / 1 

/111 30 . ,j ; , 

_ = _ s ^ 1^ = I ^ m 10 amperes (dc or constant) 

30 3 + 1 (0) 3 . * ■ 3 , 
. ' = ■ ■ / - / ' ' , . 

It is to be remembered that the forced response will al\yays have the same waveform 

Xihape) arthe input (forcing-function.or_^^^ 



Setting the denominator of equation 7 equal to zero will yield the charScteristic^^^^ ^ 
equation. 

3 + Is = 0 _ * ' 

Therefore the form of the natural (complementary) solution is ^ 
i^^ = Ae^* ^ Ae'3^ ^ ^ [ / 

The total solution is if + ^ i v - 

i ^ 10 + Ae"3t 

From simple electrical theory at t - 0^ i ^ 0 - . 

0^ 10 Ae"3(Q) =: 10+ A 

"■\ A ^-10 ' ■ . ' \ '/ ' ' 

The complete solution is therefore: i = 10 — lOe^'^ . 



EKampie 3 

Repeat example 2, if the input, v, is 40 sine 4t. 
For the forced response of a sine wave s = and the ampUtude of the voltage is 20 • , 

. -r-^ ^ - 1-- -nr l - ^ - ^ - - 

40 SZSi. > ? 

The above represents the current in the phasor form and must be converted back into the ' 
time domain* 

if = 8 sine (4t - 53) 

Again^ it must be remembered that the forced response will have the same waveform 
(same frequency of the sine wave) as the forcing function which is the sinusoidal voltage. 

The natural response is independent of the input and is therefore the same as before 
(obtained by setting the dcnominatbr (R+sL or 3+ls) equal to zero. 



f + ij^ ^ 8sine(4t^ 53) + .Ae"3t 



1 - 1 



at t = 0^, i = 0 as before 
0 ^ 4 sin (=53) + A 
0 = 8 (».8) + A or A = 6.4 
The total solution for i is therefore 

i - 8 sine Ht - 53) + 6.4e'3t 



In the third method of the sqlution of differentiarequatio^Sj the student is introduced 
to the Laplace Transformation. ^The first two methods are the classical and the transfer 
function.) In exposing the studcnr to three methods^ there is a flekibility in the solution of 
circuiFproBremF One method may have advant^es o ver M<it^?r^^ method is 

the fundamental of basic one, and the. other two have certain Umitatiohs 

The Laplace method converts (trahSforms) linear differential equations with constant 
coefficients into algebraic ones, thus greatly sirhplifying the steps leading to the solution. 

The idea of a transform is certainly not new to the student* Logarithms transform 
multiplication into addition. That is, one went from one type of mathematical operation 
into a simpler one. The transformation ^as from a number domain into an expohential 
domain (logarithms). Work was then performed in this transformed or new domain (u^ing 
log tables) and then the result or answer was obtained in the original domain using an 
inverse transformation (ahti-logs). ^ / « 

Another example of transformation (mentioned previously) involved the solution of 'v 
electrical circuits to a sinusoidal inputs The sinusoidal time function (time domain) was^i; r 
transformed into complex algebra (phasor) domain where the mathematics involved is much 
simpler. The solution in the phasor domain was later transformed back into the siriuSoidal 
time function (time domain). . ■ 

The Laplace transform converts from the time (t) domain into the frequency (s) domain 
where the mathematical manipulations*are much simpler and use can be made of Laplace 
tables. The inverse/Laplace transform involves returning from the complex frequency 
domain into the time domain. / . ' V 



The Laplace method lias distinct advanta|es over the classical method in the complete 
solution tf^rced and natural) of system networks 

1. Reduction of linear differential equations with constant coefficients to linear 
algebraic equations^ ' ^ 

2. JVIethod is mechanical and straightforward. 

3. Initial (boundary) conditions are imnlediately included in the transformed 
equations as a first rathcT than last step ^er^^ . 

4. Time saving tables are ayailable to speed up the time of solution. 

It is pointed out, however, that the Laplace transform method solves no problem that 
can't be handled by the classical method. Although it has the advantages indicated previ- 
ously, this method may also have certain disadvantages compared to tfie classical method. * 
These Include the time required to master the method, limitatipn to solution of certain 
types of differential equations (constant coefficients) and, in addition, a^ertainjoss of 
. insight into the physical problem. ; \ ^ / 

In the Laplace domain, the unknown quantity to be solved for is in thegcheral ratio of , 
two polynomials in s. A technique, the partial fraction expansionj will now be discussed. 
It breaks the aforementioned ratio, of polynomials into the sum of fractions. This mathe- 
matical tool is covered now, rather than iaters so that the niethod of the Laplace transform 
discussed later wiU not be lost in mathematical details. 

Consider the ratio of the following two polynomials : 

\(s + 4) . ' ; 

% \/ (s>l)(s + 2)(s4 3)^ ^ 

It is desired to obtain the partial fraction expansion of the above. % 



(s+ l)(s+2)(s+3) s+1 s + 2 s + 3 

The problem is to evaluate the constants, A, B and C, of the right hand side of - 
equation 8, an^equation which is valid for all values of s. 

In order to evaiuate"A, lers^Wroach^^l-(s^ -1), The term^^z~- will become very large 
(approach infinity) while^ the other two terms, and are bounded (remain finite), 

'therefore, these latter two terms can be. neglected compared to the term, ^ , on 

s+1 

the right hand side ^1 equation 8, = _ r 

The resulting equation yields i / 



s (s + 4) 



(s + l)(s^+2)(s + 3) s+1. 

s^-1 



(eq. 9) 



Equation 9 results in the following since the (s+1) term on each side of the equation 
may be cancelled. 

s (s + 4) 

A = 




, , _ ^ -1 (3) 3 

Therefore A « 

(--1 + 2)(-'l+3) 1(2) 2 



In other words, to find the constant. A, of the fraction, A/s + 1, simply delete the factor 
(s + 1) from the denominator of the'left-hand side of equation 8 and let s -* —1, According 
to this rule ' > 

,_ s(s + 4) -1(3) _ 3 , / 

jM^(s+2)(s+3) 1(2) 2 , 

s-*=l ■ . . 

In a simiilar fashion, to evaluate B, delete (s + 2) from the left side and let s r* —2, 

^ sis + 4) ^ ^2(2r~_^ 

(s+l>is^(s + 3) -1(1) " ' • ' 

s -^2 

, s(s + 4) -3(1); ' ^ 3 

: ~ (s+ lHs + 2) >2(-l) " 2 

s-^-3 . ■ - 

Therefore the partial fraction solution is; ' 

_ i 3 

s (s + 4) 2 4 2 , 

. . . =— — + + - — ^— (eq, 10) 

(s+ 1) (s + 2) (s + 3) s+i s + 2 . s + 3 

Since equation 10 is valid for all values of s, let us pick some convenient value of s, such as 
zero, to check the value of the left side against the value of the right side, 

■ _ J " _ i 

0(4) 2 4 2 

' (1)(2)(3) ' 12 3 . (1)(2)(3) 

. 3' 1 ^ " • 

0=--+2-- 

; " ■ 2 ' 2 - , , 

0 « 0 as a check w 

(Do not pick a value of s equal to —1, —2 or —3 for a check, since this results in a magnitude 
of infinity on both sides of equation 10 and therefore will not be a check on your deter- 
iriined constants.) i 
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Obtain the partial fraction expansiqn for 



6s^ + 10s + 2 
+ 3s2 + 2s 



6s2 + 10s + 2 



.3 + 3 



+ 2s 



6s^ + 10s + 2 
s(s2 + 3s + 2) 



6s^ + IDs 2 
s(s + 1) (s + 2) 



6s^ + 10s + 2 ' A B ^ C 
s(s + l)(s + 2) ' s- s + 1 s + 2 



6s^ + IDs + 2 _ 
(s+ l)(s + 2) " (1)(2) 



= 1 



B = 



C = 



0 



6s^ + 10s + 2 



6-10 + 2 



s (s + 2) 



es-^ + 10s + 2 



(-1)(1) 



= '2 



s-*-l 



24 -20 + 2 



s (s+ 1) 



(-2)(=1) 



= 3 



-2 



6s^ + 10s + 2 



's^ + 3s2 + 2s 



s + 1 s + 2 



a check at s = 1 yields! 
6 + 10 + 2 



1 + 3 + 2 



1 2 3 

— + — + — 
1 2 3 



3 B 3 check 
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Dovelopment of Laplace Transformation 



The Laplace transformation from the time domain to the complex frequency, s, domain is 
defined as _^ 

^[f(l)] - F (s) - J^(t) e-s^dt- (eq, 1) 
where^[f(t) ] is, simply, the Laplace transform of the time function, f(l). AlthQUgh 
equation 1 appears quite formidable^ the technology student should not despair, 

The derivation of the Laplace transform for several common inputs will now be 
considered. 

(a) Let f(t) = K a constant or dc input 
^f(t) = F(s)- jKe^st 



= K 



^=st 



—s 



=^st 



.=s 



=s(0)i 



therefore 



I. 



K - [ 0 ^ 1 ] - 



The constant, K, in: the time domain has as its corresponding Laplace transform, — , and 
the two constitute a unique transform pair. " ' 

Conversely, the inverse transformation or the inverse Laplace transfbrmation (symbol <^ 
of _ is K. That is, the time function whose LapLace transforn;iation is _ , is K. 



Mathematically, f 1 — = K ' 

^ s 

Note that the inverse Laplace transformation convert^from the complex frequency, s, 
domain to tHe time domain. 



(b) Let f(t)-e 



—at 



= F(s) 



=1= 



-at St 



dt = 



L 



1 

s + a 
1 

s + a 



[0 + 1] - 







- (s + a) t 


\ 


-(s + a) 






a 


l^gHs + a)0l 


, ' 1 




s + a 





\ 
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The technology student is made familiar with some simple derivations and then a table 
of useful transform pairs is presented, 

Laplace Trarisform Pairs 

Time Domain Laplace Transform > 

f(t) fW) ~" 



1. K 

/ 

2, e-at 



3, sinwt 



4. Kt 



K 

s 

_J_ 

S + 2 



_QJ ^_ 

2 2 



K 



5. =|- [f(t)] SF(s) = f(0+) 

6. /f(,) JU^,Mmk.^^^t^,o^ 
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Example 1 




Find the complete solution for the current, i, Using the Laplace transfcfm method. 
From electrical theory, there results 



10 = R; + L 



di 



V 

Taking the Laplace transform of both sides . . 

-^=2I(s)+ 3 [sl(s)-i(0+)] (eq.2) 

(note that the variable is current, i, and Laplace transform is I(s) which reads 
as I of s, For simplicity the (s) — "of s" is dropped to avoid confusion with 
"s" times "I"). ' . 

Therefore, equation 2 yields . = 21 + 3 [ si — i (0 ) ]' 

i (0^) means the value of the current at t ■ 0^ (immediately after the switch is closed) and 
from electrical theory this boundary condition is zero, 

-- = 2I + 3slaI(3s + 2) 
s 



di 



I = 



10 



10 



s (3 s + 2) 

• 10 
3s (s + 1- ) 
10 



3s (s + 2. ) 

A B 

. = — + - 

s 

10 



s + ^ 



3 (s + I ) 



= 5 



3 X 



B =■ 



10 

IT 



10 



= -5 



..s.-l 



s + 4 



The inverse Laplace transform yields the current as a function of time 

_2t 

i(t)=5^5e "3 3> 

Note that equation 3 is the complete solution — where the constant term, 5, 
. " is the forced (particular) solution and the term, . the natural (complc 
mentary) solution. ,^ . 3 
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Example 2 



\0v' 



It- 



Find the complete solution for the current, i, using the Laplace transform method. 

di 1 

10 = R: + L + - /idt 

' dt C 

Taking the Laplace transform of both sides; 



di ., 
10 = 8i + 1 — - + 12 /idt 
dt 



10 I fidt 

— = 81 + 1 [sl-i(0j] + 12 [ - + —— (t = 0+) ] 

s s S T 

from electrical theory, i (0^.) = 0 

and / idt is the charge, q, which is equal to 0 at t = 0^. 

10 I ' 

— = 81 + si + 12- 
s s 

10 = 8sI + s2l + 12I 



10 « I (s^ + 8s + 12) 
10 



I = 



I = 



10 



s^ + 8s +12 
. 10 



(s + 2)<s + 6) 
A B 



(s +2) (s + 6) 

10 -10 

A = - = ^ = 2.5 

s + 6 4 . 

' s-*-2 ^ 

10 



s + 2 



s + 6 



B = 



= - 2.5 



I 



S + 2 
2.5 2.5 



s+2 s+6 . . 

£ I~l(s) = i (t) = 2.5e"'2' 2.5e~6* (solution) 
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The forced response is zero (which checks electrical theory) and the complete solution 
consists of the natural response. 

An area of importance in the study of the stability of automatically controlled (feed- 
back) systems is the analysis of Bode plots. 

Bo^e graphs are straight Une plots, of a number, N (gain) in decibels (20 logjoN) versus 
the log of the frequency (or angular velocity). Of particular interest is the respo nse of the 
system to a sinusoidal input (s^ joj). The Bode plots give a solution in both magnitude and 
phase angle. Semi-log paper of the appropriate number of cycles is necessary. 

(a) Consider the transfer function, G(s) = for s = jo) 



G (jc^) - ~ 
j ^ 

K 



K 



G 1 s (since the magnitude of j ^(to) 

* ' CO 

K 

Ig \db ^ 20 log = s 20 log K " 20 log 05 

\ ■ CO 

= --20 log w + 20 log K (eq, 4) 
It is to be remembered that jhe ordinate will be the gain, G, in decibels versus the 
abscissa, the log of the frequency,6j . / 

Equation 4 is the plot of a straight line ( y = m x + b) with a negaiive slope (when 
plotted on semi-log paper). , 

To determine the slope in the proper units, let ^ -1 and then 10; this change by a factor 
of 10 is called a decade. ^ 
A change by a factor of 2 is called an octave, 

irG|jb"201ogK^20logl = 201ogK ' - 

6J = 10 |g| - 20 log K ^ 20 log 10 - 20 log K - 20 

= ei A Vert 1 2 0db 

/ ^ -Slope- AHoriz" decade 

^ " 2 |g1 db * 20 log K - 20 log 2 = 20 log K - 20 (JO) / , 

-201ogK-6 . ^ 

' 6db ; 

slope - — 

' octave ' 

In other words, a slope of — 6db/octave is equivalent to a slope of — 20db/decadev 
. To plot the straight line, the abscissa (x) intercept is obtained. At this point the ordinate 
(G in decibels) would be zero, 7 

' . .• lGid5»0 = 201og^ =20logl V, ,. \ 

The ordinate in decibels will be zero when the number is unity or when ^ K which is the 
6; intercept. / ^^^^ . . ' 

To obtain the phase angle plot — 

G(jc.) = y-- = --^- = -<-90 . , 

which indicates that for all frequencies the phase angle is -90 degrees (this indicates the 
output )vill lag the input by 90 degrees). ; ^ 
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Example 1 

Given G(s) = 30/s, plot the magnitude and phase angle for all frequencies (Bode plot). 

The intercept is 30 (at 0 db for the ordinate, G), and 

^ ^ -20db - 6 db 

the slope is . — . — or — 
^ ^ decade octave 

The phase angle is =-90.degrees for all frequencies (see below). 
For a transfer function of G(s) = Ks, it is easily seen that^e straight line (Bode) 
plot would have a positive slope of 20 db 



6 db " and the **tj' 



decade 



or 



octave 



1 



intercept (0 db for G) would be at ^ . The phase angle would be constant 
at plus 90 degrees, 




ERIC 
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Exampie 2 



G(s) = lOOs^ ^ 

Obtain Bode-magnitude and phase angle - plots. 

The slope is positive (*'s)) in the numerator of the transfer function) and the will 
yield twice the slope for ''s'' or 40 db 12 db 



decade octave 



The ' 'w" intercept will occur when the db = 0 or the magnitude of G is unity. 
For the intercept therefore 



100 10 

The phase angle is constant at 180 degrees. The plot is shown on the semi4og 
^ paper. 

(b) Consider the transfer function * ' ■ 

G(s)-K(s + a) fors-jcj then G(jcj) ^ K (a + jo?) 
At low frequencies (u^b) then G (jw) = Ka, a constant (horizontal line) and the 
magnitude of G (jtj) in decibels in equal to 20 log Ka. The phase angle. of G(jco) for 
these frequencies is zero since G(jco) is a real positive number. 

. At high frequencies (tj^a) then GCjcu) * K joj or G(s) = Ks which is a straight line of 
positive slope of 20 db/decade or 6 db/decade. The phase angle is positive 90 
degreeSj" since; Q(j to) is a purely imaginary number (jKoj with no real component). 

At some freqtiihdy of 0; (between a **low'* and **high*' value) the line changes from 

:; " 0 db £ 20 db 

a horizontal line ( -=—^ ) to that of a straight line having a positive slope of 

The frequency at which this change in slope occurs is called the break frequency. 
This frequency can be obtained mathematically as the intersection of the two 
^straight lines] G (jco) Ka andj G(ja)) j ^ |j^4o| ^ Ku. 

Ka^Kw or^ =a (break frequency) ^ 

The phase angle of G(jt^) at this break frequency is 45 degrees since G(juJ) ^ K(jcu+a) 
= K(a + ja) and the real and imaginary components of the complex number are equal. 
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Example 3 = , 

Obtain the magnituda (db) and phase angle plots of the transfer functions 
G(i) = 25(i+4) 

. . GQi^) = 25(4 + jt^) 

At low frequencies |G(j£^)l>^ 100 ( uj^4) ^ 

andindb, G(jUJ) = 20 log 100 = 40 db 
The break frequency occurs at CO = 4 radians — 

when the line changes from a horizontal line to one with a positive slope of 20 db . The 

octave 

plot is shown on semi-log paper. The phase angle at 6) = 4 is 45 degrees and is zero at "low'* 
frequencies and 90 degrees at /*highr frequenciek. For practical engineering purposes the 
angle is zero degrees a decade below ^ - 4 Irid 90 degrees a decade above 0^ 4. 

From the basic fundamentals of Bdde plots, more complex transfer functions can be 
dealt withs quickly and easily, ^ . 

In conclusion, mathematics teachers in tfeghnology should eschew the "abstract concepts 
syndrome*' and apply the mathematical principles to practical problems. Oif paramount ^ 
importance is the principle that these instructors should have some familiarity with tech- 
nolo^ terms. ^ ' ^ 

For instance, the termSp **poles** and "zeros** should not conjure up visions of .clothes- 
lines and grades on mathematics examS, but should bring to mindi respectively, values of 
"s" which make the denominator of a transfer function'zero and the values of **s'* whicK 
make the numerator of a transfer function zero. 



ENGINEERING TECHNOLOGIES-MECHANICAL AND DESIGN DRAFTING 

Technicians play essentially a supporting role, often requiring close work with engineers, 
scientists and other professional personneL They are doers in the many roles of the engineer- 
ing arH scientific teams. Engineers reduce scientific laws and principles to working applica- 
tionb=^technicians apply these applications to actual situations. Scientists explore ideas— 
tenhnicians perform specific details. Technicians, therefore, play an important part in 
converting ideas into accomplishments, whether in a laboratory or drafting room. 

Mechanical Technology (M.T.) 

As part of the specialized engineering group the mechanical technician takes apart new 
ideas and tests them to see how they can be applied to developing new products and produc- 
tion methods. / . : 

Industrial production technicians assist in developing new and improved production 
' methods and procedures in manufacturing plants. Their duties include designing automated 
systems, couJucting time-and-motion studies, planning v/ork flow, quality control, and 
additional specialties such as industrial safety. ' 

Other mechanical technicians who work in manufacturing include air conditioning and 
refrigeration technicians and automotive technicians. Air conditioning technology involves 
heating, humidity, cleanliness, and movement, as well as cooling. 

Mechanical technicians may work with engineers on the design^/itfvelopment and pro- 
duction of aircraft, helicopters, rockets, and spacecraft. For example, a technician under the 
, direction of an engineer might estimate weight and other factors affecting the load capacity 
of an airborne body. ? 

Technicians often work with engineers in the fielrf of power generation and transmis- 
sion. This may involve assisting in massive powe^ plants that serve the needs of large urban 
areas, or it may require designing nevi^ deviice&'^p^h as portable power systems for use in 

. remote areas. , 

Some mechanical technicians helpjdngineers with the design and development of ma- 
chinery and other equipment; specialists in this category are diesel technicians, machine 

designers and, topi designers. / 

Mechanical technicians aM in research and development, design, testing and production. 
They also can function iii.the instalfation, operation and maintenance of mechanical equip- 
ment, siipervision of th^'assembly of prototypes, selling of mechanical components and 
machines, and tccl^ical writing; . 

The Mechaniitil Technology curriculum at Queensborough Community College is 
broadly based in mechanical studies and is laboratory-priented. Suffident theoiy is given in 
the lectilre iessions to enable the student to understand the basics of design. Mathematics 
and scierice courses give a sound background to the technician in the sources of mechanical 
techpology. Practical and laboratory work are emphasized throughout the program, the 
mechanical graduate is t>us prepared to qualify for entry4evel technician jobs immediately 
lifter graduation."'^ ■ , 
. Many M,T. graduates continue their higher education in engineering schools towards a 



Bachelor of Engineering Tcchnologj^. These four-year curriculums introduce more theory 
and additional mathematics. 

The mechanical courses are designed to provide the technician with the analytical tools 
needed to perform the work in the many areas of the mechanical field. The M.T. curriculum 
consists of three major lines of study: Manufacturing Processes and Systems^ Thcrmo-Fluid 
Mechanics and Machine Design. Supporting courses in Technical Drawing, Metallurgy and 
Materials, Applied Mechanics, Strength of Materials, Computer Applications and Principles 
of Electi'ical Technology fill out the curriculum in the technical vein. One-and-a-half years 
of technical mathematics and 1 year of physics supplement the technical studies. 

Design Drafting (D.D.) ' 

Closely related to engineering technicians, and considered in the technician category, are 
the draftsmen. Draftsmen translate the ideas, rough sketches, specifications and c^cqlations 
^of engineers into working plans for making a product or structure. Included in the many 
categories of drafting are product design drafting, styling drafting, architectural design 
drafting, technical illustratin|i and patent drawing. Draftsmen are employed by industrial 
organizations, government and business, . , 

Drafting is a language or picture-writing^a most important form of communication in . 
the technical field. It4s the skill which transfers designs into lines and dimensions on paper. 
Most drafting procedures require translating every detail of the three-dimensional object 
into twOTdimensional drawings and some drafting ii symbolic, as in wiring and piping 
drawing. ^ 

As an example of the great need for draftsmen, more than 27,000 drawings are required 
to build an average passenger car which is made up of about 12,000 parts. These include 
body drawings which picture sheet metal surfaces ^ mechanical drawings which show the si^e 
and shape of each part and their assembly into an automobile, as well as drawings which 
show the. tools hecessary to make and assemble the various parts* 

The D.D. curriculum at Queensborough Community College uses a less analytic 
approach than the M.T. curriculum. The program as such is oriented towards visualisation 
and the expression of objects on paper with some basics in introductory design. However, 
many D.D. graduates jmay be called upon to dp some work which will require an under^ 
standing and manipulation of mathematics. With experience, D.D. graduates can achieve 
the role of a senior designer which will require further applications of mathematical skills 
as the design problems increase in complexity. 

There are opportunities for the Design Drafting graduates tcf continue their higher ' 
education at four-year schools and several graduates have gone on to schools of engineer- 
ing and architecture. ' 

The D.D. curriculum is made up of 1 year of basjc graphics (Technical Descriptive 
Geometry and Drawing), 1 year of analytical courses (Elements of Technology and Statics 
and Strength of Materia|s) and advanced drawing; courses spanning- all the various are^s that 
require draftsmen to have a knowledge of the specialized designations and speciflcations . 



as used in those fields, Courses in Selection of Materials and Manufacturing Processes or 
purveying round out the technical offering in the curriuulum. One year ol design mathe- 
matics and V4 year of physics supplement the.design drafting courses. 

It should be noted that the D.D. curriculum allows the student to choose 3 courses 
relating to the manufacturing area (Manufacturing Processes, Tool and Die Df sign, 
Medianisms) or to the architectural-construction area (Surveying, Construction MethodSj 
Architectural Design). 



Mathematics For Mechanical Technology and Design Drafting Technology 

Several courses in the M,T, and D.D. curricula will now be briefly described as to their 
content and dbjectiveSi each course to , be followed by sample problems. These lekcted 
sample problems are mainly to display the use and types of mathematics required in their 
solution. ' ' 

In s umnt iary, the courses ar e arranged as follows> ^ ^ 



Mechanical Technology 



Design Drafting 



(1) Applied Mechanics 

(2) Strength of Materials 

(3) Fluid Mechanics 

(4) Thermodynamics 

(5) Machine Design 

(6) Manufacturing Systems. 

(7) Introduction to Numerical Control 



(1) Elements of Technology 

(2) Statics, and Strength of Materials 

(3) Surveying and Layout 

(4) Technical Drawing f.. 

(5) Piping Systems 

(6) Duct Systems . . ; 

(7) Mechanisms ^ ^ 

(8) "Architectural Fundamentals 

(9) Construction Methods 

(10) Architectural Design 

(11) Structural Drafting and Design 



Applied Mechanics 

Mechanics is the science of determining the fortes in niechanical devices and structures 
and the effect of the forces upon the bodies that make up these devices and structures. 

The study of mechanics leads to an understanding of the force relationships and distri- 
bution when objects are at rest or moving at a constant velocity (statics) and the changing 
velocities of objects caused by forces acting upon thern (dynamics), 

The analytical nature of the course requires a rigorous understanding-o£^ 
gonometry. In particular^ quadratic equations, simultaneous equations^ the law of sinesj 
similar triangles and proportions are among the mathematical topics that are necessary to 
solve many of the problems that occur in mechanics. ^ 

The following illustrative problems will show the application of mathematical skills to 
the various types of problems found in mechanics. 
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and Componenti — Illustrative Problems 



A foree^f 200 lb i^dhtettd sBshown in Fig, 2 3. Det trn tint the And Y 



eeiup^iitnts of tht* foret*, 

Sohitinfi: By prej^etihg th^ ferci^ npen, 
the a/cei,''we diseovi^r th*t thp jign of 1% 
i^'ininus and ©f pcj^iitive. Applying Eq. 
(2^l)» we abtain 

\F, - etis ^.I F, ^ -200 ecii 30" 

-"20() X 0,8SS 
- -173,2 lb Ans, 
"\Fy ^ F^mSA Fy ^ 200 sin 30^ - 

20Q X 0,5 
, Fy ^ +100 lb Am. 




® 



Deterniiim thp Gompengnti of th^300-lb force. di reel #d down to the right 
at a slap*? ©f 2 to 3 as ^wwn iri Fi 2 4i.. . 

Solutim: The ma jar din'ftmiiem between this preblifn and^^m prtje^ing ont is 
that ths^dirtiQl i^] of the fore^ i^dslined by its ilopm inirtQad o We can 

^tnputedf from its tangf^nt and fhtnaubatitute itssint and ^sint* functions into 





(a) 



(b) 



Eq, (2- 1>, but it is simpler and mor^ dii tdt to compuii. th# h^potgnus^of t h@^a 
iriangli» v^(2)^ 4- (3j^ \^^~ 361 and th#n apply tht ddiniiiens of ii^^d 
coeine as 'fel Iowa.' 

3 



[Fy ^ Fm\ 0,\ 



F, - aOO K ^ 249 ib 
3^S t 




F, 



^ 300 



3,61 



- 166 lb 



AnevMM better preeedurais to noifellmftmijarity belwean the ilapi. triangle and 
iht* foi'c^ Jrisngl^ in Fig. 2 4b wh^e ^ri^spondin^ gd^at© pfOporlionaJ to 



300 



3 2 3.61 
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The compfmenls ol m ceiTain force ate defined by ^ 300 lb ^nd^Fy ^ 
— 200 lb, Determine Ihe magnitud#, inclination with thftJf axis, aiid poihtiiigof 
the fdrGH, 

Svluium: Tho magnitude the force ia found b^ applying the first of Eq, 



F - 361 lb 



'I'he ificlination with the Jif a^ii is determiritd by tha^cend part of 

300 



f2 2), 
(2 2). 



tan Oj ^ 



0,667 



5^ ^ 33,7^ ^A m 



Note psiMicultrly that by negleding thagivtn sgnsof the oDmponyjits th#an|£le 
foniul tg the aculB aiiglfe betwein the foreeand the X axis/ Tht^dircelion of the 




Ar(*nrciingly in tin 



force is found by sketching a tip-to-t^I 
su m mat io I > of th^ ttmponentsisshoivii 
in orbyvisiiaJiwng^it m^tally. 

X f^ottthat the minis sign of Fj^itidicat^ 
it f© be dirteled downwaid. Heiicethe. 
forced points down fo the. right. ^ 

This t^hniq^ueof dtternf^ininga. fofcft. 
eliminates the nect^hy ©f remembefinj 
cf rtain arbit nry conventions. For ex- 
ampie^'a marhemftti^j convtnfion^de* " 
f\\\m an angle as always nieaiured in a 
cQunt€rcloekwisestns^ from tha X ^is, ^ 
iven exarnpla, Og^ might be defined ^ -33,?^ or as +326.3^, < 




suitant of Parallel Forces — Illustrative Problems 



Diterniint the resultmrti of ih« paralld feree^ittm acting an theb«r^5 
ibown ill Fi^. 2^10. 'rhe fare^ajid pa- 
dtioni are giv^i in the ii^uvs., 

Solufintu The migniiudt of the re-, 
.fiiltitit foree is fint ebtaintd by appljfing 



201b 



101b 



401b 



\H - ZF\ R ^ -20 - 10 + 30 - iO 
"40 Ib^ Aji3. 

Upward forces having ^een a^med to 
bepi^itive, thg ntgstive sign of '^ indi- 
eatts it to bs directed dovvnward/ 



301b 




Applying thr prineipU that the rTMDrrttni ef tht r«iltant ise^uti te then^^TimHnt 
Sinn af itfe parts < Varignona ihtortni. Art, 2-^1. we Have, tskingdoekwismmbrnwits 
ibaut A as positive. ^ 



ISOib^ft C 
ISO 



To dittrinint th* posit ion of ^ relative 
to A, draw ^ kcting downward (beeaust 
of the minus sign) as shewn in Fig, 2^20- 
Sinc€ th# monr^Qnl Sum of the original 
forc^ was found to be dock wist/ ^ must 
li^ to the right of The momtnt ^n-%x A in 
orclt^r also to produot a doekwist riiom^it. 

Byloeating/^wiihr^tct lofl^it iatasii^ 
slichvn thst- the pm^l'mn ot the rtstiltant 
is independint of the choice of memtnt citnter 

- ^laoib^ft 



4.75 ft Am. 



dUM.75' 



Wit ^ !t d - ZMs\ 



a^MOl^* 
Fia, 2 2ih 

Thuswthiv^ 

8 - U) X 6 + 30 X 3 



ilii ^ 3.25 ft Aif&. 



HofurrinK to Ki^. 2-2(1 and rioting thia th£si|n af iAf^ it n^gativi* (thirtby indi- 
riiting aaounttrdoekwiic momtnt). wtait that R mUlt lia t§ tht Itft of th« momant 
CfMittr t(» citatp an iqiiivaliiit counttrelookwlaa momtnt. MortoVtr, + ^ 
4J5 4: (1.25 ^ 8 ft, whidi lt tha totsl diitanea from A \& Hinit tht petition 
of /f is indtptndcnt of tht ^hoioe of momtnt €th'tftr. 

It in uiuall^ ocMivaniant to d^oost tht mamtnt gtnttrsoiniwhtjv ntar thm middlti 
of the nivNh s^itPtn of forc^ In ordir t(»firnplify €aloiilati«ins l^y , having imAlltr 
nioniont irniH. AIno, it Is wivetos^tet thtmoiTiVit ctitttr &t eneof tht for§tiin, 

order to tlifiiinttt tht momtnt tH'iet ef th^^ 
fdrct frern tht€ompntatien5^ 



72 

67 




Fin. a 2L 



A beaiu of length Ifiipportsabad. 

which vaii^ from m lb per ft at . tim right ■ 
end. t© it tht left end, Petfermine 

the miKiiitude and p^ition of the rtsultsnt 
lead. 

Solufian: Th% total wfijiht W uf thja 
triaiiguiii' bad ihowii in Fig. 2-21 is th^, 
r^iltaht of sm&lisr parmllml loa^ likt di^ 
fich of whieh is the predtict of an in- 



teiKNity of y lb ptr ft hy the sniall length ©f (ijt ft aUfiig which it niay be a^innid 
ron.Ntimt. Friiin the prop&rtionaJify batwetn iinnlMr triinj^lt*!, w.t* have — ^ ©r 



w 



J. Applying Et|. (2-S) we ©btaiii 



[R ^ tF] 



2 



A 



The pasition of thin reiultant weight fiDUi 0 b §t!ain^ from Eq, (2-0): 



whence 



3^ 



d ^ I L Am. 



Equilibrium of Concurrent Force Systems Illusm 

A system of cordH knotted together aty! and B support the weights shown 
in Fig. 3^4, Compute the tensions 0, And 7' acting in the various cords* 
\ Solutiort: Wt begin by driwinga FBCof knots ^ and Of th^etwoeonatirrent 

foree ^strnis, we must first mWm that at A. The forctiyi!8!n at J is ttniporarily 
inciftfrniinaie.i^raiiia it ei in taint t hree unknown forces and haskyailable only tw o 




Inrleppndent eqnatioi)i of aqnilibriurn. Itasohiiian must ^ post pon ad until ona 
(if thi linknowns, ^ in thbinstanct, has btan datarnrtin^ ftonn thtaon^irrent aystani 
seting at where P, axarting m\ e^n^ arid opp&site elTed tn its aotion on ia 
only one of two unknowns. \ 
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S^^Viral Hmthisdsari' aYjsil&ble for theaaliitiQn af the eoncurrent foret i]^tHii at 
Let m diseus «ieh (if ihmt methsds sn t\\%\ thtir iiidividiial advanl«ii^ «ir 
diiadvAnta^ai will giiable us to Mi«ct the mftst eflidcnt aid rapid in^thml io use 
in iimilaf problems. . 




Pig. S — Mtthod L 

Method I^-VMng Htifwmial Q^ud Veriiml Af€S. This \%m routine intthod requir- 
ing no inigiiinitioih Selecting rmt^m\ce m^m that ar« hsrii^caital ind^yertical ak 
shwn ill Fig, wt apply tht coiidiliDn^d' equinbriuni, Eq. (3-1 ), t© obtain ■ 

U:K ^ 0] Pi^in 15^+ gsin 300 ^ 0 (b) 

Splving Eqs. (a) and (b) iimultaneou^ly yields. 

P ^ 367 Ibl ^ 
Q ^ 4101bJ 

// Using RQtated Axes-. The diiadyantaKc of Mot^I ii the nccasiity 
of iolvinr^iniultanGOUP nquations. Since the referenre aNet are- arbitrarily selected 
in the first place, a better choice of the reference axe^ will Dliminate Mmultiineoui 
equations; this simplifies the nuniericul work and reduceB the chance for error. 
For example Jet the X axis be selected to pass through one of the unknowng/ say Q. 
In this caae Q will havo no Y component and will not appear in a Y Hummation, 



Ans, 






3001b 3001b : 

: (a) (b) 
Fio. 3-6, — Method 11: Using rotated flxej. 

The method of detornnninK tlie atraloH between the forces and the rotated refer- 
ence axes Is shown in Fi^, 3--0a; the final vylues of the angles are shown in Fig; 3-6b, 
When actually solving the probleniBj only the X axis necd be drawn, as in Fig. 3-6a, 
The Y axii can be omitted; it m understood to be perpendicular to the X axis. 

Since the axis was ehoBen to coincide with 0, it is evident that Q has no Y 
component. Hence by apjilying the conditiqn of cquilibriuni, ZY ^ 0, we auto* 
matically elihunate'Q from the equation* . Thus we have ■ I ^ . 

PK J^ 0] P Hill 45^ 300 sin 60* ^ 0 . P ^ 36? lb Ani/ 

Having determined P, we readily find ^he second unknown Q by applying the 
Joeond equutlun of equilibrium: 



[%X - 0) 



307 CON 45* + 000 cos 00° - Q ^ 0 



Q « 4101b Ana. 



Note carefully the techniquu used. When the X ixxh is chosen so that it coincides 
with one of tlio unknqwnfl, the Y summation deierminOH the other unknown, Then 
the X summation dqtcrmines the remaining unknown* * ■ • 
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Method JU — Unng Force friangk. When three forees are in equilibrium, the 
easiest solution is ganerally obtained by applying the sine law to the triangle rej^ 
resenting the polygon of forcei. Since forces in equilibrium have a zero resultant, 
the tip of the last vector must touch the tail of the first vector* This tipNto-tall 
addition gives tbe clmtd polygon of fcircen shown in Fig, 3-7. Applying the law 
of sines to this triangle, we obtain* 



300 



0 



sin 46^ sin 60'^ 



mn 75^ 



3001b 



whenee a^ before 




P=3fl7 1b nnd Q = 410!b .In*. F,o. 3=7- = M^hod "I: 

Using force triiingle. 

We are now ready to deterininc the forra F and f halding the concurrent 
systeni of forcos at B in equilibrium. ^ 
A e|osed polygon of forM ft>r this 
system formp a quadrilateral an tliat 
the sine law cannot be applied. Al^ 
though n diagonal of tbis quaclrilateral 
cm 1)6 drawn that will subdividp it 
into, two tri$ngles tn whieh the sine 
law can bc/applied, tbis proredure is 
more cum^ersnme than the nieiiiod fif 



u^c 

using /otftting ax^ deseribed abcive 
in^^thocili; 



,../ing the method of rotated 
ajtes to the FBI) of B, we draw the 
X a^cii to coincide svitb T w in Fig* 
3-8, thereby eliminating T from # F 
summation. Hence we obtain F frcnn 



367 lb 



Fin. 3 8. 




2001b 



Method of rotated ax^ applied 
to FBD bf J, 



[SK '= Oj F%in - 367 sin 45^ - SWsin fiO^ - 0 
The remainliig unknown 7* is now dtttrniintd from 



F ^ 6121b Am. 



\ ' T ^ Bm lb Am. 
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Concurrent Force System -r Illustrative Problem 



Thebollrranksliown in Fig. 3-12* Is iupparttd a btarhi^ at A . A IQO-lfa 
force U upplieil v^rticili^ at C r€»tati©ii i^ting piivanted the force P actiiiji at H. 
Computu the Vflluy uf and th^ btsriii^ reaction at A . 

/ / 
/ / 





(a) 



(b) 



Solution: Since the Wl craiik is ill equilibrium, the thrn** fofM whiGh a(*t upon it 
mUHt psBS thrau^h a cQinmeii psint, Pnalengin^ thrlin?* ef aetion of the ffjrefi to 
intpj^et it L> mmkm ihm d\twi\m of Ra fj^eh that it mVist pasa through A sutl 
Vrom the neomttr/ of the figiii^, the distanee A E is foinid io be. 13,67 in., whence 
tho distance CP = 21,67 in, Thediriction of Ha is found froni 



tnn ^ 



'DC 



tun 0^ 



21.67 

'"8 



Om ^ 09- 45' Am. 



Plotting the polygon of tf^rcm ihat are aetinu on tha h^W crink iaihown in Fig' 
3"12b, we fibtain by applying the law. of sin« 



\yhtne€ 



m) _ P 
sin 24^ W ' sin 2ti^ 

P m $2 $ lb and Psi 



5' sin i;i5^ 
- 169 lb AtiR. 



Ilpd»r^. thf. viln^iof ^ may bteheekad by taking niOfnei its abeut A. 'Y\m\ we 
hive 

[tMsk^ Ol (P$\\\7F) X \0 - m) XB ^ 0 p^msih Ch^k 

Tht moiiient Qf ,P^abeui A wasobtainad by applying Varignsn a prineipla fap^ 
Fig, 2-1^), By rtselvingtha for^^, into comp©henti pamlle! and pirpandimiitr to 
MS. the parillal ^mponirtl is made to pats thr^ngh tht momeiit ean tar, when ee 
the momftit ^Teci ^ P isdut only to the pirpitidjcnlar cam^ncnt, 
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Trusses — Method of Joints — Illustrative Problem 

— A Fink truss is loaded ils siiiywh iirFigr4=0r Dctermihe^^t^ in eacK 

member of tlio truss assuming tliern tu be pin-eonnected, 



1000 lb 



10001b 



Aff' J — - - 




/\60- 




/N60 


307\^ 






C 




E 




t 








f 


1 



55001b 



35001b 



20001b _ ; 20001b 
Fig. 4-t6, — Fink truss* 
Solution: The given trti^ is lyiunietrlcai and alia s/nnnf'tricilly Isad^d so that 
the fofc^ need bfe found in only on^-hilf of il. 

After dpternuning thertastioni from iynnnttry, e©nsider joitit A which has only 
t^o unmirk^l nienibtrs iAB and AC) aetin^ upon it. Asrii&Nyn in Fig. 4=7, we 
inay use either the FBI) ef th^joint or the equivalent FBO ©f tht.pin. Of the two, 
the FDD af the pin isprtferred since it i^ simpler to draw. Fn either diagrani, it Ib 
evident tliat AB deimtem ^ontpreifi^iu i.e., If direst^ tswatd the pin, in srd^' that 



AB 





' 3500 lb 



(a) FBD of joint 4 



/ 



35001b 

(b) FED of pin A 



Fie. 4 7. Fr^body diig^ms ol joint and pin. 
it.^ vertical component may bala!>c# thtupYf^rd readi^, Henst^C niuit be^in teiH 
sion and puN away from the pin to bal^nee the. Wt ward component of Saletil^ 
irig the a^imtp^iudde with thannknowii fDrce 

(£K ^.n| imOO - >i/^ain 3(P - i) : AB ^7(m\bC Am. 

\EK^i)\ AC nm ^ i) \ / ^C^fiOiaibT Am. 

. The pQsitiyp vahiet obtaintd for 4fl ind ACcan^rm thtorifinal i^niption een- 
Cernin^c the direction of th^i forett, TKt tetion of mimbti^^J and'<^C on th^'T 
end pins, indicating rejpeetiveljr compreiiiofi and tension, may now b€ drawn ^ 
ihuwn ill Fig. 4-8* (In an actual probiein the vrowa would be pl^ed on the 

10001b 



lOOOlh 



1000 lb 



1 1 


c 




1 ^ ' 


:.7' 





35001b 



20Wlb 



20)0 lb 



35(Wlb 



Vuh — Truif fn»rkt*d (o ihiisv>lTyt't of jnonihurH^ff and A(J on their oriel plriH. 
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10001b 




AB^TOOOlb ^BC 

Fig. 4-9, — Free-body 
gram of pin /i, 



originul dmKram of the truss, but to 'indicute the 
niiirked and unmarked monibGrs more clearly, the 
truss is here retlniwn.) 

' From Fig. 4*Sj the next pin at which no more than 
two unniarked members appear is seen to be lie- 
peating the technique used at pin 4, equililirium of 
pin B enn lje acliieved )jy a§sunung BD and BC to be 
in compression and therefore. acting towurd the pin 
as shown in Fig, 4-9. Rotating the X axii to coin- 
cide with the unknown force B^^-^va obtiim -™^ ^*^^ 

BC — 1000 cos 30^ ^ 0 BC ^ 806 lb C An$. 

TOGO - lOOQginSO^ ^ i?D - 0 ^ BD ^ 6500 lb C ^ Ans, 



dia^ 



(SF ^ 0] 

The poiltive values obtained (or BD and BC confirm the fact that these forces 
are compressions; The action of BD and BC upon their end pins may now be 
marked on tlie original trusi diagrani as in Fig, .4-^10. 

iOOOlb , 



1000 lb 




^ 35001b 20001b 20001b 35001b 

Flo, 4-10* — Truss mftrked to show effet t of memberfllflD and BC on their end luns 

- ■ \ : ^ \ ' ^ ^ ' K 

The next pin nt whifh two unmarked membera appQar is C, Asiume both pD^ 
and CE to be in tension. The FBD of pin C can now' be drawn as in Fig, 4-lL ^ 
Selecting the X axis to. coincide svith CE, we have 



BC^ 866 lb 




0] CD sin 60^ 800 sin 00" 

2000 - 0 CD ^ 3175 lb T- Ans. 
(SX ^0] CE + B 176 COB 60^. + 866 cos 60^. - 
6062 ^0 CE ^ 4040 lb T - Am. 

As mentioned previously/ tlie loading and tho 
truss are/symmetrieal so that the forces In all' 
the memherB are now dotormined; If tlie truss 
or loading were lipt symnietrlcalp however, the 
iohition would he continued by proceeding to 20cblb 
the ,hext unmarked pin. This pin m D, but an- « ... ^ u j 
other pin having only two unmartEed memberi ' 

acting up(m it is pin 6. It is preferable to avoid pin D, itart anew from pin G, nnd^ 
dbtirniine the forc^ in FG and tC, Aftf*r the letlon of FG and upcm their 
end pins is indieited in the ariyiual trii^ dligram, the iisKt pin to be selpeted ht 
amlym is pin From the FBD sf /\ the feres D/^and EFq^i bp found. Next, 
the FBD of pin srill enable m to find thn foreei hi aiid C/^. The force m CE 
wili then have b^n detirniined from thm FBD m\ C and, agaiji independently, from 
the FIJD mi A ^}mk m\ the seauriGy of the sverk la thuspbtained if the force In 
CE as fciund frdm pin C agrats sviih that found fhirn pin ff. 



AC =6062 lb 
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The finil ippearan^o uf the original trusi diagram after all tho forces havo been 




2000 



350a 



Vw. 4-12, — Order of taking free-bodj diagrams. All rntnibsn nmrketl itidi^itci that 
. > all forom ha^ve botn delci mintd. 

detfrmined isihown in Fig, 4-12, This figure also indieate*s t\w order in wliirh the 
fv^e-hody digrams ef the virious pinR would bp clrawn if i\w truss ur the loading 
were not symmetricrsl. , 



Eriction^^IUustrative^Eroblem^ 



A 2Q0-lb hlQok is at r^ton aSO" indina TheoseHident of fridion betv/een, 
the block and th© ineline is 0.2a Computa tha vahie of a horizmital (orm P that 
will ^u$e meiien to impend yp the incJihe, 

Soiuiion: Th&FBD erthe block ^ shown in Fig. Since motion m impend- 

iiig up Ihciiieline. themajcimufh itaticfriGtion /'Visdirecfed down tha indine. A 
point diagram of the (atc^ m fnrmtd by first lel^ing X and 1' axeg^^wlth the 
X axis, parallel to Htid positive jn the dirtction of inipendinK nuition, an^l then 
imagining the block Hquoezed to a point coincident with the origin of the aNei, The 
forcei on the body are then upplied to tiib point to forni tlie ejf)neinTent systeni 
ihown in Fig. 5=9b. (Noic: The j)oint diagram is sometimes more convenient than 
the FDD for computing eoniponents.) 



2001b 





(a) . (b)^' 

Fifi. 6-9. ^ ' " ^ 

The throe unknowns iV^ F, and Pare found from Eq. (5-1) and the two equations 
of equilibrium for conuurrcnt forees. Wdjiow liave 

; iV - 200 COS I^O^ -^Pdn 3lf ^ 0 ' 
; .. ' N ^ 1^3.2 + ()J7^ ' ' . 

[F ^JN] F ^ 0.2(173.2 + 0.5 P) 

F ^^mM + 0.1 P , 
^ 0] P coH « 200 Hill 30^ F 

Substituting the va!u9 of Ftrinn (6) we obtain 

/ P ^ 170 lb Am: 



(a) 
(b) 



74 
70 



' Resolvg the problem below using the angle qf friccion 0 ^nd the total reaction of 
the incline on the^block initead of its cprnponents F and N. 



200 lb 





2001b 

(b) / 

. Fig/5=10^ 

Solution: Whenever the riprmal presBure N niuit be expresied in terms of iin un- 
known force, such an P in the preceding exanipie; it' will generully be simpler to^use 
the total reaction R instead of its eo^iponehts F and A^. 

iineBiViQtiQn isimptnding; ^ will mmketh^angle^with mi diowin Ki^. S-lOa, 
Thtvalueoi 0 ji fsuiid iVom Eq. (5 2) to be . ' r 



[twi 0^/1 



tan 0 ^ 0.20 



0 ^ 11.3- 



forcf$aGfin|on the.bloek ii ihswii in Fig. 5 lOt Thisiyittin will be rwignUtd 
^ a coiieurreiit force lyittm in tqwUibrium and may bi solved by tht method 
dftvtbptd in Art V 3 3. , 

If th€ liis i# tiken throufh b Y aufnmstien (K tjcis not ih©\¥n) sv i 11 dt- 
ttTminc P al^onet by €liminstinj R. thtreb/ obtain , 



Pm ^8.7' - 200 sin 4 LS^ ^ 0 



P ^ 17ti lb Ans, 



A praferrtd viFialion of this iQiutibn whenoiii^ three fere^arfeiiiv^ived consists 
ofapplyin^the^neiiw to the fercipQiygofi shown in Fi^. S-lOc^ Sinci equilibrium 
PKiits. tht foret polyfi^n wilMose' I'he200-Ib wti^ht isitpresintid by the v«i:tisl 
veetor ^owih Through the tip of this veeier. s heriiontal line of indttcrmnute 
le.gthisdiawn t^riprtstnt theknowndlrtciigstdr P; ^rom Fig, 6- 1^, theknown 
direetion of is30' i ^» 41 J* wilh^thevertieal/ A lin« rfpr^iting ff-m^^ 
drswii through th# tail of the 200^1b vetter to intei^^ Passhown. 

Valu^ma^ now bt&bidned^iBphieally by scaling ^^^^ the polygon, or aimlyt- 
ii^lly byapplyingthesinelaw. Usin^ihelatteiN 



,whf nee as befsre 



P 300 

sin 41.3^ " sin 48J' 

p 3 17a lb Am^ 
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Free .Falling Bodies ^ Illustrative Problem 



As shown in Fig. 10=4, n stone is thrown vertically Into the air from a tower 
. , - 100 ft high at tho same instant that a 

iecond stone is thrown iipward from the 
ground, The initial veloelty of the first 
3tone is 50 ft.per sec and that of the seeond 
stone is 75 ft per sec. When and where will 
the stones be at the same height from the 
ground? 

Solution: The initial direction of motion^ 
for each stone is upward. Using the con- 
vention established in Art. 10-2, we there- 
fore take. the uj)wartl direction as positive 
fur 8, Vf and Applying Eq. (10-2) and 
nuting that the acc'eleraticm h g 
ft purHec!^ clirec'ted downward and ther^ 
negativp, wo obtain 
For stone ]: ^ 50 / - lOJ - / W 
For stone 2: 75 10. . / 0) 

^ 100^ vHonc'o mibtraotinK Eq, («) from Eq/(6) gives 

^ ^ 4 HOU ^ 




- 75 ft /sec 



From rig. 10-^4, 



§2 ^ Bi 




Si ^^^57.6 ft 
32 — 42,4 ft Ans. 



Substituting t in Eqs, (a) and ib)^ we have^ 

&i ^ 50 X 4 - Hj.I X (4)^ ^ 200 - 25^.0 
$2 ^ 7b X 4 ---10.1 X (4)^ ^ 300 257.0 

. Henee tiie stones pt^s wh other 57J ft bolow the tnjj of the tower, or 42.4 ft 
from tlie ground. Ntjto that althou^^h we ai^sumed tlmt ihmy would iju^^h uinve the 
tower, the negative sign of si indiuai;^ nthtrwi^o, Sinee the termn involved in tlie 
.^..^ii^^J^.^ -.^ -—rrtci aHHuniption of direction results mereiy 



equations4re vector quantitios, an iace 
in a negative sign. 
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ViTork-Energy Method — Illustrative Problem* 



The !^(K)-lb bleek in Fi^ !4 4m. remt^ upan a lavfel pla!i#- for Avhich the 
ropfficienl (if kinatie H id ion is 0,20! Find the vile^ty of the b\pck after it muv^ 
80 ft, starting from rest If the*lOO-lb forct i% tlieii temovri. hsw miidr father 
will it travel? - ^ , 

Sululuw: The FBD of the bloek in its fli^Jt phast (if mntlen ts shown in Fi^^ 
14-4b, Cofnpnting the normal and frictional foretiin thgusuil manner* weapply 
the syork-cnorgy tniuatiun to 




I, 

3001b 



100 lb' 
.30' X, 




250 lb 
(b)Phr ;1 




F^^eplb 



(c) Phaie 2 



300 



froni wliieh 



(100 COB 30^ - 50) (80) * — 



Vi " 25.1 ft per HOC Ayi$* 



The FHD of the hhirk during the Hcrund j>hiign qJf^tKe niotiun is ^hown in Flp. 
j4^4(*. To determine how rnucli fiirther the liloyk^iil travel after tlio UHWlvfon'O 

removod, we equate the reHUltiuit work duiie during hgth phnsnH of the niotiou to 
the tatul chunge in kinetie energy. This elinnge in kinetie energy wil|Jjo Egro since 
the finul ami initiul veloeiticH ure^ero. We obtain 



froni which 



(100rog30^ - a0)(80) - 60 ^ 0 
R'i ^ 48.7 ft AnB, 



Conservation of Momentum — Illustrative Problem 



A ballistic pendulum 'consisJt oP a "Sand weighing S9 lb rhat is sijs- 
pendcd'.from a cord 10ft long. A Mb shtll isfi'red horiz&fitally into the box and 
remains embedded in it. Because of impact ^ the sjnd box swin^ ihrou^h a ms^i- 
mum angle cff Sf^^. as shown in Fig. I5'9. Deternr^ine the veloclly svilh wfiich (he 
shell strikes the box. ^ 

Stflulioft: The initial velocity of ihesatid box with Ihr shell embedded is fQund 



10 



I — r> — 



\ 

30" \ 



\ 



\ 

Vi^- -- — . ■ 



by the work-enerpy nipthod. The w urk done is nrjj;itive iKM-auso thn ^tavity force 
arts opposite to the upward rise. / , 



-]r(10 - 10<'os3fn ^^(0- v^) 



/ 



iVi - 9.3 ft per ^pv 

Tins value of velority roprcponts the common. velocity of thn .shell nnd I)On diructly 
after in-ipa^t. The velority of the shell before impact can be fourul by applyinj^ the 
principle of conservation of momentum. , ' ' 



L ^ 9 0 J 



Vj, = 558 ft per He,c Arts, 
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Strength of Materials 



This branch of mechanics trcius of the internal forces (stresses) jn a physical body and of 
the changes of shape and mm (strains) of the body, as well as their relation to the external 
forces (loads) that act on the body and the physical prc^pcrties of the material of the body, 

Illustrative problems are given below to show the application of algebra and geometry 
to the various types of probknis qncountercd in the Strength of Materials course. 

Centroids of Composite Areas — Sample Problem 

SAMIM.K PH()BI.r:M DrU^nnine the Ineution of tlir 
ccMilroid uT the pUnc' fii^nre shown in I'Mg, 10- IL 

Y ' 



Figure 10' 11 Diagram for Snmpje Prob- 
lerTi 4. 




Soiuiinti: Divide ihv coinpnsitt' fiifUn* iiHo ihvvv siniplo arcuH, 
a rectangle 7 bv 5. a quadrant with a nuliiiH, and a v\rv\v svii\\ a 
3Hn, dianieler. 'Vhm leetani^U* isa pasitivc* an'U. T\\v cjiiadnint 
and hole are treated as nt^gativc areas. 







A, hh 




in,^ 


( ■ 

I 


A. 


-ml- _ 
'W 


If) 


in,^' 


! 


A, 




- - i Ait 

1 ' 

lA - 24.79 


in/-' 
in,' 




lAx ( 


3n) (:15()) 


- (:iM){(il5) - 


- (7:07) (2 


X 


%A 




24,79 





is the sum of thu products of uiich area and ihc distance from the y axis t6 the centroid 



or 





122.5- If) 


,3-14 


14 89,0(1 ^ ^ 


9 in. 






79 


^ 2179 




1/ 




) (2.5) ^ 


- (3J4)(4J5) - 


(7,fl7)( 


3) 






24.79 








H7.5 - 13. ( 


}5 - 21 


21 53^J ^. , 


^ in. 






- 21. 


79 


. 24,79 ^ 




Area 




/ A ^^ ' 


A . Ax 


(/ 


Ati 


1 

2 
3 




= 7'07 




a. 50 . 


-mm 

-21.21 















, ^ SA.V ^ H9.()fi „ 3 g,j j,. 



24.79 
53.24' 
24.79 

79 



= 2.15 in. 
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Moment of |nerria of Composite Areas 



SAMPLF: PHOHiaCM Dettnnjue iUv nionuMit of inortia 
al tlu^ iir^a slitiwi! iii Fig:? 1()'25; 

(a) Abnut the vertical gravity axis VV 

(h) About a horizontal axis M, 2 in. htHow tliu l)aHc» 




Figure 10-25 Diagram for Sample Problem l^a. 



■ In cak nhitiiig thv inonitMit o) iiiurtia .of an arua tliat hus^ lioleH 
cutouts in it, treat tlie areas and nionu'nts of inertia of \these 



holes and cutouts as negative vahies. 



Solution at 
I 



From Hainple ProhkMU 4, x - 3.59 in. 



12 12 



/ 



M3inJ 

^0,88 in * 
^ -3.98 in.' 



\ 



\ 



I + Ad2 is fhLvtransfur ihcorcm 

d is distance from cuntroid of the part to x - 5^59 



Art*a Cent, (x) 



/ 



3.50 
2.00 



{)mH\. 

2.o3 



^ 0.28 
20.6 
17 J) 



143.28 

mm in. 
!IM) in/ 
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Solution ill iM'niii Imit. 10 



3" 




Figure 10^26 Diagram frr Sample Problem 



1-1 



12 



72. U inJ 



,HH in. 



Area 
1 



-111 



17(1. H 



782,9 

-jH(|.78 
= 482.11 in.* 



/ 
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Power Transmission 



SAMIM.E iMlOBLKM A solid shaft H in, in (lianu»ter has 
th&sanie ciois-sectionil ai#3 a$ a lu)llnu' siHilt (}rthu Hanuj inatc'i iiil, 
with inside dianieter of fi iih 

ia) C'on)pmr& the horsepower tianiinii.^ion of th^su sliafts at 
the same rpin. 

\^ (t) Compart* th^angl© c)f twist in t^qual ItMigths of tliesu sliatts 

whtMi sti^ssed t{) tlie same intensity. 

V " ^ " " - 

/ , , - - , ■ - 

Holutioii: Find the. outsiile cMuinetfr f/f, til xwv hollow Hhiilt, 

Since the cro^-sacticuial arMS aie etjoal, 



r|8^} TT 



4 V''''^'''' 



4 4 

rf. - H) in. 



From equation for the solid shaft: 



TTfr In 



Ifi ^ 

From Ef], (13^7) for tht^ solid Hluift, 



(512) 



Fn)ni E(|. (13^4) lor thu liollow siiaft, ^ ^ , - 

- " " iH( 10) ; ^ 
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Bending Scresscs 



. SAMPLK 1-H0B1,KM A nnM)f 4Hn. schediile seaniltif 
%tvv\ yiipv ^4.5() i^n. 01), 0.237 in, wall thifknesi) to earry a inters- 
capadty chain luiiit attaclu'd - niiclwiiy l)€tsveen pipe suppfirt 
hangtTs. The iiltinuitt* ivm\\v HtYvu^) of ihv si&el pipc' is 4B,1K)0 
psi. A saft'ty tdetor o( 4 is speciN^I. Thv pipeweiylis 10 11) ptr 
ft. Assume no atlchtional strt^si or load chie to internal pressure, 
Trvdi the length of pipe lJt•t^v■u^Ml hangerH as a siniply Hupported 
heanK Fintl thf niaximnni sale/ spat iug of pipe support hangers, 

Sahition^ Skutcli the svstiMii a^ ui Fig, 12^4. 




10 It, f» 



IF/ 0 

t \0L 500 0 

Bf 5L * 250 ^duetosyi 

Find ^fma3t »nt€r of span. 

V '-'<.(^)-f (^) ' 



innefry ] 



Figure 12-4 DiaHram far SHniple ProhUmi ?. 

,For a hollow circular sin t ion 

rr 



i5L -f^ 250) 



2 4 
4 ^ 4 



-h 125/. ft=lb 



15L^ -h hSOOL in.^lh 



4,50 



UO - 2(i2l 
- 2.25 in. 



IT 

fi4 



48) 



AMowahle stress ^ 4H.0(H)/4 12,000 psi. M'^roni Fcj. (i2'l) 



/ c 

12.0(H)(7.2n 



3H.f)00 in.-lh 



15L^ + L5(K)/. 3H.H00 
+ 100/.- 2,570 ^ 0 



1 his (juadratic ei|nation niay be lolved by qiiedrstic fomiuh 



/. 



100 ± V 10,000 4- lOJHO 



-100 ± V 2(),2H() 

1 . 



43 



Selecting tho positive rtiult, we obtain 
■-' r ^ ^"^^ ^ i3 ^ 21-5 ft (maximum iate spacing of supportH) 

0 / "7 
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Member Composed of Two Dilfcrcnt Materials in Scries 



SAN!IM.K FH()HI.KM A steel bar, 1 in. square and 8 in. 
g, Ih Hvi onci to cMid with a C.I. (cast inni) Class 40 bar, 2 in. 
squaru and 4 in, long, iR'tweon tsvo iniin()va!)le siippinis. SVhat 
HtrvHH wil! duvulop in each nnittTia! dutv to a tenipt^ratiue rise of 

Soltitiotu Vvimi Ap])(.MKli\ H, lahic K 



/V- 30 X 10'^ psi (lor sivvl) ^ 
- Ui X Ur psi (liir CM. Class -lO) 



From Tahlu 8^2. 



cy^ - K \10-'» in, pt*r in. pvr ( lor stael ) 
. ' a,.-(i.:iK 10 Mn. ptM in. per ''I'Mlcir (M J 

It th(* nirnihcr icvrc not rvstrauwiL each niaterial svould elon- 
galu by aniounts of 

5, ^ aj, M H.h x Id (8)(50) ^ 0.«H)2fiO in. 
^ ix,l M fi.3'^x 10 {AMm) - 0,(H)12fi in; 

Thv U)ta! cOongaticni, 8, that woidd otLnr wonld eqnal 8^5+/ 
6r - 0.00260 + 0,001 2fi -M),0():3«(i in. 

Snirr the mvmhvr is' not frcr to vion^itv, the niatarials aic 
placed in coniprcNNinn by u forct* /*'. 



0,00386 



Ag A . (l)(30xlO^) (4) (16 x 10*^) 



/ 0.00386 0.00386 

F - — — - — ^ ^ ^; ^ 1 1.600 lb 

0.27 X 10 ■ + 0,06 X 10 " 0J3 x 10 - \ 

F 1 1,600 . \ 
^ ~^ ^ ___ = 1 1 500 psi (compression in steel) 



s 



11,600 ^ 



' - 2,900 psi (compression in cast Iron) 

A.. 4 ■ \ 
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Combined Stresses 



SAMPi.t: PHOHLEM A simply supported, 12 WMiabeani, 
Hi ft \oug. can ies concentratecl loacls ot" 6,()(H) IIj st eaeh quarter 
pVint ancf is iubjc'cted U) an aHial tent.Lla iorce of 25,()<H) lb api)liecl 
at fhe eiicl sc€Lti()i)N, 

(tif) Kitu] nia^iinnin curribiimcl tensile stress and rnaxiinuni 
cnnibintHl cnnipre^ive strEsa. 

(/;) n it were necessary to make a 1 ^-in, Imlu in the web (if this 
beam at thaoiMitur cress section so that a water pipe, can be accom- 
modated, where on tliis cross iTCtion wonld ytni re^innnend that 
the hole, tenter be h)cate<l? 



Solutioi] (II TliG weight o( the beam is 65(16) - l.CMOlb. Tlie 
total vertical Umil on the beam isn.CKH)^ (UM) + (um) ^ ia.CH)0!b. 
Since the weight of the beam isonly i 1 ,()4()/ IH.OOO) 100 ^ 3.8 percent 
of the tcjtal verticaj load, it may l)e neglected without exeessive 
^ror lapjiro^cimataly 4 percent error 4»eGurs here), 

Fignre 14 =6 shows the beam witli its shear-lbree and bending- 
moment diagrams. Note that the 25^000 lb axiaJ /orcedoes not 

For the 12 H5. .4 1Q,1/1 in,^. 2 ^ HH.O 
{Appenclix- 1 able.4). / 



aHect the^ diagrams. 
lufi, and (i — 12, 12 in. 
Direct streBs: 



F 25.(HH) , , 



Mc M 



^ 2 

7 he .sheir diagram indicates (hat the center crass ieclion is the 

6,000 lb_6^000 lb SpQOOlb 

4^ 



25.000 ib 



(a) 



25.000 ib 



- 9,0001b 



fl.- 9,000 lb 



48,000 ft^lb 



36.0TOft lb 



36,000 ft lb 




Moment diagram 



-=3,000 lb 



(6) 



Shear diigram ^ L « J_g oOOIb 



Figuri 14 6 (r/) Beam diagram for Sample. Problem ^ (/j) Shear^forca and. 
bending-moment diagrams. 

location of the niaximum moment, A free-body diagram of the left 
half c)f^ the beaiti ftieilitates ealenlatini^A/nn^^ 14'7)» 



85, 

90 



Combined Stresscsj continued 



S! - i) a!)c)iit an axis tlirongli ihv ctMitor vrms Hectinn gives 



^1 



9J)(M)(H) --B.()()()(4) ^72,()(H) = 24,()IK) 
4H.(K)() ft-lh 
A/ _ 48.(M)0( 12) 



^ 6. 550 |)si 



HHA) 

tension at bottom fil)t»r 
conipres^iion at top fihur 



25,000 lb 



6,000 ib 6,0001b 



.25.000 lb ^ 



9,000 lb 



Figure 14'7 Free body diagram of left half of beam for Sample Problem 

T])vvviuTt\ at c'cMitiM' cMOHs sc^cti'on, 

■ / 

, ■ ■ \ 

Top.fihur ^ - S2 - - 6.550 - 1. 3 10 ' 
Top Hhvr s — 5.240 psi (maxinnnn ronipressi()n ) 
. Hottoni filuM' .V - + s, fi550 1,310 

Bottom fihcT A — ?.HfiO psi <nia?cimnm tension) 

Soiution ht ITie clisti ij)ution of comliined stress at the ctftittir 

erosi ?i action is shown in Ki^, 14-8. ■ 

- - f ■ / 

. \ 

5,240 5,240 pBi ma5^ compres^ibn 



^ 12.12" I 

. 5,240 7J60 psi max tension 

Flgufe 14*8 Location of point of zero stress from distribution of combined stress 
at center cross sectftn. . 



The location oF/^an) conihiiied sti«s would he thu most pretei- 
able position fc>raholein thaweb, lliel^vel of zero stress can be 
tbund fVonrFi^. bJ-H l)y iinnlar triangles. 



r.Hfio 



m) 4- 5.240/ 



\io 10.^ (im\ 



J2,12 f 7.27 in. 



The center of the Unn. hole should be looted 7,27 in. above 



tlie Ijottrmi of tlie lower flan 



8^' 



Fluid Mechanics 



The course in fluid mechanics covers the study and behavior Ui fluids (liquids and gases) in 
industrial systems, particularly pipeline and duct systems, and fluid machinery such as 
pumps and fans. ^ 

Applying the basic conservation equations (mass, energy and momentum), hydraulic 
principles and fluid properties to industrial systems enables one to predict their perform- 
ance and establish design parameters. 

The laboratory experiments reinforce the theory and provide the practical ex] ience 
in measuring fluid properties related to the design and operatjon of industrial systems. 

Problems in fluid mechanics involve the use of certain basic equations, the manipula- 
tion of them to solve for certain unknowns (literal equations)^ and the conversion of units. 
The latter can often be accomplished by manipulating units as if they were algebraic terms. 

Important equations are: 

Bernoulli's Equation which is basically an energy equation: 

- 7 2g ^ 7 2g 

Continuity Equation: TJie quantity of liquid that flows past any point per unit time 
remains constant, ' 

. Q = Ai vj - A2 V2 

Both equations assume incompressabiUty (i,e,, density is constant). In these equations, 

lbs 



Z is height, P is pressure, v is velocity^ 7 is density in ^^^s p is density in -^^^^ 

ft 

.Conversion from 7 to p is obtained by dividing 32 — i.e,. 




For example- 



1^ What is the weight of 25 gallons of gasoline: 7.480 gal ^ l ft. 
slugs 



^ 1J2 



ft 



r 



ft 1.32 1b-sec2 i ft^ 



w ^ 7V ^ 32 X — — -A — — X 25 gal x --- - « 142 lbs. 

sec^ ft^ ^ 7.480 gal 



■ . \ ' P liquid ' 7 liquid 

2, Specific gravity ot a hquid, S,G,^ 



p water 7 water 

7 ■ ■ ' ' = . 
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How far will a block sink into a fluid? A block, will sink until it displaces its own weight 
of water. If a block has length 50 ft. and width 20 ft., it will sink a depth of D ft. If the 
block weighs 75 tons or 150,000 lbs,, it will disphce a block of water of dimensions 20 ft. 
by 50 ft. by D ft, weighing 62.4 M|.S- 



Ib 

Hence 150,000 lbs. = 62.4 ~~r~ x 20 ft x 50 ft x D ft 

ft' 



D = = 



150,000 lbs ft" 



(62.4 lbs)(20 ft)(50 ft) 



= 2,40 ft. 



Fluid Properties • 

One gallon of a certain fuel oil weighs 7.50 pounds. Determine its specific weight (7), 
its density (p) and its specific gravity (SG). " 



V = 1 Gal 

1 ft^ ,\ 

V » 1 gal X — — = .134 tt^ 



W = 7.5 lbs 



7.48 gal 



7 = 



W_ 7.5 

V ~ TfsT 




56 



J 7 _ 

°r g " 32:2 



SG 



62.4 

56[ 
62:4 



1.94 

1.74 
1.94 




SG = 0.90 



/ 
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Pressure 



An oil storage tank is open to the atmosphere as shown. Some water was accidentally 
pumped into the tank and settled to the bottom. If a pressure gage at the bottom reads 
23.0 psig, determine the depths of the oil and Wiiter. 



u 



0\L 



7^ 



P bottom a 0 + 7oho + Twhw 



23.0 ~-^^=- X 144 = .86 x 62.4 h„ + 62.4 h^ 



23 x 144 _ -^^ ^ &ztS^2.Z-lyi*^-d^^^-~-.~ 

62.4 62.4 . 



53.1 = 51.6-, 86h^ + h^ 



1.5 = .14 h 



w 



w 



L5, 
.14' 



ho = 60- 10.7 



hQ = 49.3 ft 



Manometers 



/ A manometer, open on one end, is connected to a pipe in which kerosene is flowing. If the 
difference in the" fluid levels in the tube is as shown, determine the gage pressure in the pipe 
, at point A. 



PA-O + Tmhm+T'khk 
lbs 





=13.55 K 62.4 X 8.7 in x -i^j-- + .82 x 62.4 x ^ 



1728 



K£ROS£N£ 



" = iT^ts" ■ 13I5 X 8.7 .82 X 25 

62.4 • 
P^ = — -X 138.4 



1728 
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Buoyant Forces 



A buoy is a solid cylinder, 1.0 f ot in diameter and 4 feet long. It is made of a material 
with a specific weight of SO^lbs . If it floats upright, how much of its length is above the 
water? cubic ft 



D«1.0ft L = 4ft 



/ 



50 lbs 

ft 3 



2F = 0' Fb = W 



W = 7rVr = 50x 



ff + 1' 



157 lbs. 

,2 ' 



Pb = TW ^Displ = 62.4 x x h = 49h 



W 



49h B 157 
157 

h = — = 3.20 ft. 
49 




Bernoulli Equation + Ideal Flow 

Determine the rate of flow of gasoline (SG = 0J2), in gprn, through the horizontal pipe 
shown. Neglect losses. 



Gasoline! SG = . 72 ; 
Zj=Z2 = 0, Pj = 59PSI P2 = 0PSI 

2 . 



Dj = 3 in 



D2 = 1.5 in. 



A J - .0491 ft' 
A2 = ,0J227 ft2 



Bernoulli: Zj+vj^ + P^ 

2g ' 7 



Z2 + V2 ^ + P2 

2g 7 
2 



0 + ^~~' 



59 P-^ X 144 f,2 



64.4 



in 

ft^ 



.72 X 62A JP-I 
ft' 



3/0 + 



/ 



64.4 



+ 0 



2 - 2 



64.4 X 59 X 144 



.72 X 62.4 



= i218b' 



Continuity; Aj Vj « A2 V2 



V9 ^ 



A-, 



.0491 X V 



1 



.01227 



= 4vi 



(4vir 



12180 



I6vj2 _'y^2 ^ J2180 = ISvi^V 



, =(4M!l)^=(812)V4^28,sJL 
-I ' 15 sec 



, ft 449 GPM 

Q = Aj vj = .0491 ft^ X 28.5 — x 

^ ^ sec 1 CFS 



Q= .491 X 2.85 X .449 x 10^ 



Q = 628 GPM 
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Puinp Performance 



The diameter of the discharge pipe of a pump is 6 inches and that of the intake pipe is 
8 inches. A gage at discharge indicates a pressure of 30 PSI and a vacuum gage at intake 
reads 5 PSI, If water flows at 3 CFS and the brake horsepower is 35, determine the pump 
efficiency. A^ume AZ - 0. \ ■ ' -' 

\ ■ \^ 

Solutions 



^1 ^ ^2 \ 



Dj - 8 in 

^ ^ - 5 PSI 



D2 = 6 in 



Aj = .3491 ft 



= .1964 ft^ 



2 . 



1 2g ,-7 
• P2-P1 

hp = — - 



2 2 



2g 



P2 = 30 PSI 



V2 = = 



'1 



4 



(30ibs. -sibs ) 144 in2 

62.4^- Ife 
ft^ 



3 ft 
— = 15.3 
A- .1964 sec 



3 ft 

= S.6 — — 

.3491 sec 



35 X li44 s 

— L„_>w= 80.8 ft 
62.41 



^2 ^ 



2 „„ 2 
2g" 



15.32-8.6^ 



234-74 



64.4 



2.49 ft.' 



hp = 80.8 + 2.49 3 83.3 ft 



tQH 62.4 X 3 X 83.3 

FHP = =■ ________ _ = 28.4 

550 -550 



FHP 28.4 ; 
e = = — — = ,811 

BHP 35.0 



e a 81.1 % 



92 

97 



\ 



Pump Performance ■ 

A centrifugal pump discharged 300 gpm against a head of 55 feet when the rotative speed 
was ISOOTpm. The diameter of the impeller was 1 2.5 inches and the brake horsepower 
required was 6.0. A similar pump, 15.0 inches in diameter, is to run at 1750 rpm. Assuming 
equal efficiencies, determine: 

(a) thte head developed by the 15-inch pump; 

(b) the rate of flow through the 1 5-inch pump ; ^ 

(c) the brake horsepower required to drive the 15-inch pump. 



Pump No. 1 

Q= 300 GPM H = 55ft 
N = 1500 RPM D = 12.5 in. 
BHP = 6.0 



Pump No. 2 

Q = ? H = ? 

N = 1750 RPM D= 15.0 in 

BMP = ? 



H 



1 



"2 = "l 



Nj D2 



Qi 



= 55 X 



1500 12.5 



Nj Dj3 N2 Dj^ 



H2 = 108 ft 



N2 / »2\ 1750 /15 ] 3- 

^'1 \ "^l/ ^5°° \12.5/ 



Q2 = 605 GPM 



= 1 "'^Z 



' BHP^ 550 BHPj 



'550 BHP2 



556 BHP 



1 



7 Q2 H2 

1?o¥hp 



'2 ' '2 
BHP^ = BHP, X — X 
2 1 Q 



605 108 

= 6 X ~— — X — 
300 , 55 



»ip2 = 23. 
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Forces Due to Fluid in Motion 



A 2=inch diameter jet of water strikes a vane making an angle of 1 20^ with the direction of 
the jet. The jet strikes the vane with an initial velocity of 100 ft/sec but the velocity leaving 
the vane is reduced to 80 fi/sec. Dcterrnine the magnitude of the resultant force required to 
hold the vane in place. 




D = 2-in 



D = 2 in 



vj = 100 ■ 



ft 



A = .02l8ft^ 
ft 



sec 



V2 ^ BO 



sec 



p ^ L94 



iX 



-WQ Viy = 0 

+80 X cos 60"; = +40 
+80 X sin 60° '= 69 



Q 



R'. 



A, X Vi = X ( ) X 100 = 2,18 CFS 
11 4 12 
4.23 

= 1.94 X 2,18 ( +40 +100 ) = 592 lbs 
= 1,94 X 2.18 X ( 69 - 0 ) = 292 lbs 

R = ( + Ry^) 



R = (5922 + 2922) 



R = 660 lbs 
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Drag Forces 

Calculate t^e required diameter of a pafachute supporting a man weighing 180 pounds if the 
terminal velocity' in air at 100^ F is to be 15 ft/sec. 



IT 




-4/ Wr iio lbs 



v-j. = 1 5 



sec 



Air Temp = 100° F 
p = 2,20 X 10-3 jhJ|s. 



Hemispherical cup Cp = 1.35 

At terminal velocity, £F = 0 
W = Fp = Vi Cp pA^ 2, 



3 



180 = >/2 X 1.3S X 2.20 X 10 x x (15r 

4 



180 = .262 



□2 ^ _180. 



.262 



D = 26, 2- feet 



i 
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Energy Equation: Lbsscs + Additions 



Turpentine at 77° F is flowing in the system shown. The total length of 2Mnch Type K 
.copper tubing is 100 feet. The 90° bends ha%'e a radius of 12 inches. Determine the rate of 
flow into Tank "B" in gpm if a pressure of 30 psig is maintained above the turpentine 
in Tank "A".* 





'^H ('/a open) 



90* ber\d 



Turpentine @ 77°F 

M = 2,87 X 10^5 Hj . sec/ft^ 

7 = 54.2 lb/ft' p = 1,69 slugs/f 



Type K Copper Tubing: L = 100 fi 
D = 2'in. nominal 
D = 0,1633 ft A = .02093 ft2 
D= 1,96 in f/D = , 00003 



h^ =Z2+V2^ + P2 



2g 7 2g 7 

= 6, = 15 ft, =0, V2 = V, Pj^ * 30 PSI, 



7 



2g 



30 lbs i44Jn^ 

■ X ■ — ^— — 



in 



ft^ 



54,2 lbs 



80 ft of turpentii 



ft 



3 



80 ■= h^ » 15 + 



2g 



Kl = hj + hj ^- h 3 + b^ 
L v" 



h, = f- — 
\ D2g 



h2 = K 



h3 = f 



h4-f 



v2 




2g 












D 


2g 


Le 


v2 






D 


2k 



Friction 

Entrance 

Gale Valve 
¥i open 

2 - 90^ Rends 

r 1 ft 

d' .1633 ft 



hi + ™ - 65 Energy Equation 
2g 



100 



D .1633 
K ^ OJO 

^ 160 



613 



D 



s 6.13 ^ - 2 X 18 = 36 
D 



2^ = 613 + 160 + 36 - 809 SK ^ J 
D 2 2 

u i..l_(f£k + SK) = — ^(809xf+.5) 



96 



2g 

1 n I 



Energy Equation: — ( 809 x f + 1.5) ^ 65 
- 2g 



65 X 6ti^A 



809f + IJ 
4186 



i 809f + 1J_ 



D 



, 00003 



Trial No. 1; f-,0165 809f+ IJ - 13.3 + L5 - 34.8 ; 

* ft / 

^ 16.8 — 

sec ' 

16.8 X .1633 X L69 
2.87'X 10^5 







'4 






4186 






V = 






283 




l4,a 







R 



N 



V X 13 X p 



^ L62 X 10^ 



— .0165 
f unchanged v - 16.8 ft/sec 



Q 160 GPM 



Thermodynamics 

This course is a presentation of the fundamental concepts of thermodynamics, application 
of the various laws of thermodynamics, calculations based on the various ideal cycles and 
practical experience in determining the operating characteristics of many thermodynamic 
devices. 

^ the presentation of the fundamental concepts includes length, area, volume and time; 
velocity, acceleration, mass, force and weight; density, specific volume, pressure and 
temperature; potential kinetic, internal energy, heat and work; specific heat, enthalpy 
and entropyi molecular weight and the gas constants. 

In addition, the laws of thermodynamics which are considered include the Zeroth 
Law» the First Law, the Perfect Gas Law, the Law af Conservation of Mass* the Second, 
Law, Ideal Gas Process Equations, 

102 
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A 9-inch diameter piiton-t^li rider ceniains a vvlnch, uiidei coiisiant 
pressure, e^tendsihe p'msn 3 iiiehes Deter rninethe work orilus proce^ 
ii' the gas pressufe \% 85 Ibi^ij* ab^liiie= 

In this case the pressure is constant so that the equation can be written 

The pru-ssure i.s givmfi as ,.85 pia uiul the change in soiimie can be cuU 
cuhued Ironi 

- K 3 in 

=^ rrr^ X 3 in ^ . 

3. U X 4.5^ X 3 in^ I9(),pn>---^-^"^' 
which gives us " ' ' 

Wk,, - JJ^Br^in- X 190.8 in 5 
/ - 16214.2 in^lhf 1351.2 ft^ibr Answer 



A steam turbine running under reversible steady ftow conditions takes in 
steam at 200 psia and exhausts it at 14 psia. Assuming the steam has a 
specific volumu of 4.0 ftV Ibm at the inlet and the pressure- volume rela- 
tion is 

p 228.48 - 7.12i^ 

where p is in psia units and v is in fi^/lbm units, determine the work done 
per Ibm of steam nowing through the turbine. Neglect kinetic and 
potential energy changes of the steam. 

228.48 




0 4 29.98 
bpecific volume v ft '/Ibm 

p-v diagram for process of example 
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If we construct the p-v diagram for the expanding steam, we have the 
curve shown in the graph, — f he work done per unit mass is 
the shaded area Df the figure, or wkn, ^ --fvdp. This area is a rectangle 
and a triangle, i.e, 

wkns ^ (200 - 15) ibf/in2 X 144 in^ x 4 ftVlbm 

=h (200 = 15)(144) Ibf-ft X^X (29.98 = 4.00) flVlbm 
^ 106»560 ft-lbf/lbm + 346.0S4 Mbf/lbm 

wk^, 452,614 hAM Ibm 
or , . 

wk,,i 581 H Biu Ibni Answer 
We may uIsd calculaie this anss^er by using equution wk^^^ ^ - vdp 

Wf have frbn^ the |[iven pressure-volunie rtlation that 

■ 7/l2J_b K Ibni 

if we ^tibstuuie this into equation — ~ we gtt 

J ti . - 

= 7,1 aCk - "8,^8,)^ 

^ 7 ^ 228.48(15 - 200)^ 

^ 7 "j2(- 19887.5 + 42268.8^ 

•^1^"' (22381JlbP in^) 

- 452.656 rt-ibf Ibm 581 K Htu Ibm Atm^cr 
Thif answar ajre^ wUh ilit geometric ©ne wutiin an accuracy of \%. 
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Example 



So hi lion 



DeieriTiine the clianfe ifi enilialpy per Ibin fer carhoii nionoxide (Cd) as 
ihe gas IS coqI^ frofii 1 500^F to 5iK)^F, assiimuig ihe gas does ru>i have 
3 constant specific heat. 

We svill assume tlie gas, CO, is a per feci ga%m ihai' 

and sve rmisi nnd the relauon has to leiriperaune. 

can ste that there is a choic© of relaiions tor CO, nuniely 



/- 1.29(1 
f 9,46 - ^ ^ ^ 



3,29(103) !. 07(10^0 



7^ 



) Bm/ 



Ibm mule^R 



or 



where a, b, <% and c/ can take on two dinerent set^ of values. Let us use 
thu second equation with tlie following bCt orconstanis: 

- 6.480 

c - -0J387 
^/ - 0 

Then 

t> (6,48 + L566 T X ' - OJ387 X lU^^) cal^g^muIe^R 
and the initial and final luniperatures are 
— Ti - I5(X)^F f 460^ - 1960^R 
- K X 1960^R - lOSrK 



and 



7^2 ^ 500'"F + 460- 960^ 
- X 960 - 533"K 

respectively. We now integrate equation 



(6.48 + L566 T X 10=^ - 0,2387 7^ K IO-^')dr 



6.48 r + bj83 7^ X 10-^ - 0.0796 ^ X 10^^ 



- [6,48(533 -^ 1089) + 0.783 X 10-3(5335 ^ 1089^) 0.0796 
X 10-'' (5333 = 10893)1 cal g^niole 

- i -^ 3603 - 706 + 91! cal/g-mole 

— =4218 cal/g-mole 

Per gram, the change in enthalpy is found by using the molecular weight 
of CO, 28g/g^moIe, 

^/i ^ =4218 cal/g^mole X 4 g/ g^mole CO 

» =- 150.6 cal/g /iwH-er 
This answer could now easily bf converted to Btu/lbm if it is desired. 
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During the compression of 0,01 Ibm of air in a cylinder (see figure 6-5), 
heat is transrerred through the cylinder walls to keep the air at a constant 
temperature. The air pressure increases from 15 psia to ISO psla after the 
air is fully compressed, The initial specific volume of the air is 7.4 
ft^/lbm. Determine the operaiing air temperature, tiie change in internal 
energy and in enthalpy, the work done, and the heat transferred during 
this process. 

This is an isothermal process and we will assume it to be reversible as 
wclL If the air is behaving as a perfect gas, which we assume, then the 
operating temperature can be found from 

Y ^ pZ. ^ PR 
mR R 




wk 



sothermal process 



of a piston^cylinder device 



P\v\ (15 Ibf mHlA ft^ lbimK144 in^ ft^) 



R 53J ft-lbf Ibm-R 

so that ^ 

' Tx - JOO'R 

and thefi 

7? - 300"R 
The change in internal entrgy is 

MI ^ mc,hT - 0 
and for the enthalpy change we have 

. .^ ^ LH ^ mc^T - 0 ; . s 
The work done is rcvtrsihle and this we obtain from ^uation (6-17), 

or. murt Ciinvemcntly, from equation (6-1 H) 
The constant is determiii«i (irbt; 



C " piVi ~ p\>m\ 

= (15 Ibl" iniXO.OI lbmX7,4 I'ii lbmKl44 in^ ft*-) 
= 159.8 ft-lbf 

ioi ■ 



lOt) 



Then 

H^/!£„ - (159.8 ft-Ibf) In 

- (159,8,(-.n i») 

^ 159.8 (=^ln 10) 

^ -368 fl-lbf Answer 

The heat transferred is equal to the work done so that 

Q ^ =368 fHbf Answer 

and Q is, as the sign indicates, removed from the system. For the irrevers* 
ibie isothermal process, the internal energy change can still be zero; but - 
the work and heat increase in absolute %':^!ues; that is, more work is re- 
quired and more heat transfer is demanded to retain constant temperature. 



Air expands polytropically through a noz/lc such that the exponent n is 
to be The exhaust pressuk of the air h 15 psia and the temperature 
is ^f^TF. If thu inlet pressure i|^ 60 psip, determine the change in specific 
en: y of the air as it passes through the noz^ie. 

For any polytrupic process we can use cquatiori 

Is - c/ln ^ R\n^'^ 
■ fi p\ 

cp - 0,24 Btu Ibm^R 

and 

R - 53J ft-lhf Ib^n^R ^ 0,0686 Btu lbm°R j 

Also, the pressMre ratio pz 'p\ is 15 psia/(60 + 15) psia or \, assum'ing an 
atmospheric pressure of 15 psia. Thenj 

Ti _ /piY^^'^ * 

in " U; ^ 

\ This gives us 

Ti 

Consequtntly the specific tntrupy change can easily be determined: 

As - (0.24 Btu Ibm^R) In ^—^^ - (OMm Btu, Ibni^Rj In ] 

^ ^0,120 Btu, Ibm-R + 0.111 BtuJbm^R 

^ --0,OW Btu, Ibni^R \^ Answer 

The entropy is decreasmg in this process, due to a drop in the air temper- 
ature, \ 
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Machine Design 



The knowledge gained in applied mechanics on cxternul forces acting on machine elements, 
the stress calculations from strength of materials, the understanding of ihejiature and 
mechanical properties of materials (Metallurgy and Materials), and the methods of pro- 
ducing machine parts (Manufacturing Processes) are all brought together in machirie design 
to determine the dimensions of mechanical components acting as parts of a machine. 
Information frorn fluid mechanics and thermal considerations are also Used in particular 
topics encompassed by this course in Machine Design. 

The ability to apply mathematics to the machine design field is most emphasized by the 
need for mathematics in the supporting courses as previously demonstrated. 

Complicated problems l^ad tc interesting mathematical equations which will be listed-- 
as follows: , 

Design Example of a Compression Spring (Decimal Escpontnt) 

168,000 ^ 8 F D^, 

. ' - .324 — ^— (1) alsc^ S - k — — ^ (^) 

IfiROno 1.3x8x 1500 x 5.5 , ' 

Equating (1) and (2): .324 



54,500 27,400 



D n 3 

■ vv w 



27.400 IT = 54,500 D„ 3 

VV w 



^ 7 R%i ■T'W 
•^w — — = .502 
S4.50O 



'^IV = JOZ^-"-'-* * 784 

W 
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Elastic Aiialysii of a Bolted Joint 

(The following prpblem indicates the use of scientific notation and decimals) 



= 15,000 + 



148 X 



(1,18 + 2.18) x,l^ 



5000 



/ 



15,000 + 1760 = 16,760 psi = 1.6760 x lO"^ psi 



The values^ of and have already been evaluated from 

^b^ ■ .785 X 3d X 10^ , 7.85 x 10"1 x 3.0 x 10^ 



and 



^c£ 4.12^1.06x10'' 



2.18 X 10' 



ERIC 



also %^ 



1.6760 X ur ■ „4 . 

- 2.13 X Ur psi 

7.85 X 10-^ ^ 



Then Su = 



2.13 X 10^ 



b 7 
3.0 X 10^ 



.71 X 10 



=3 



7.1 X 10° 



and 5j3= 1.42 x lo' 

Now ^65= .00142 - .00127 » .00015 ="l.5 x 10"^ 
and 5„ = (.00069 - .0001 5) = .00054 = 5.4 x 10^"^ 
Sj, » .00027 2.7 X id; ^ , 

. Sj, = i:j,E = 28 X 10~5 X- 10.6 X 10*' = 2.8 x iO° 



1.06 X 10^ = 2.970 X 10- 



Opening load: = Fj 



= 15,000 



(1.18 X 10^ + 2.18 X 10^) 



*2.18 X 107 



(1.18 + 2.18) 

(3.36) r 

= 15,000 ■^2-:rr 

= 1.5 X 10** (1.54) 
= 2,31 X lO"^ .. 
= 23,100 lbs 
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Combined stresses (cubic equations); 



52,000 2500 2500 x (2:5 + Wh) x 6 

S = - — + - 

y 2 bh 't ,Kk2 



52,000 2500h + 37,000 + 7500h 



but h B 3b 



then: 26.000 



- bh^ 
30,006b + 37,000 

9h^' 



/■' I 234,000b3 = 30,000b = 37,000 



b^ - . 128b - .158 = 0 



Tryb = W:/.125 - .064- .1^58 ■ -.394 

"~ b-T!/ w-i— T4ai-=,oaA-Lji8^^^ 

by interpolation 



5 

i 



.246 - .079 - .158 « 0 - OK 



then h B 3 X .625 = 1.875 Ans. 
Fractional equations 



10.000 , D 



S 



then: 





A A 


5,000 




2 


A 




10,000 0 
2 


_ 5, COO 
A 




5,000 


5,000 


1 ' 




A 


1.4 . 


55,000 


36,975 


A 


5,000 


5,000 




55,000 


36,975 


A 


r. .091 + .135 = 


.226 



A = hxb= l.5b^ 



A «SAh .226 a .316 
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Introduction to Numerical Control 



Principles of numerically tape- and coniputer-controlled (N7C) machine tools, in particular 
the M. T, Department's Burgmaster machining center, are the subject matter of this course. 
In programming the tape to command the machine tool, dimensions have to be specified 
to fit the operation of the machine, v ' / 

The conversion of angular to rectangular dimensions requires a basic knowledge of 
right-angle trigonometry as illustrated ih the example below, 

POINTTO-POJNT PROGRAMMING 




-y 



Fixed 

origin . • ' 

y = 0 

Fin, lOi T\\p X liwl y vtmn{\nii\v dinir'ii.^ion?^ of pcjirit^ 1 through 7 are oalauliitccl 
by fir^t rpfnrring to i\ f^rt of A" /mfl Y' hxcn thnf hnvr brrn n^tiihli^hnfl a.^ iin oxpn- 
diont. AH^^utninK thnl \\w nnlrd '■imcd ovij^m" rvinn \o n lixoci poini on [ha mftrhinr 
table J it won hi hf nrfM^NJ^jiry \\m\ th<» rriihT pf Ihf* purl bo lnc*ntpd ftt tha *'rxpp(ii<int 
origin" whic.'h in \ inchcH in \\w -¥x (liriM'tion iinil i' inc'hcs in thn -f-j/ dirfction froni 
, thp i'lKOii y und A' nxpH, rf*Hrinftivoly* 
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mp #t 

Determme the angular posit ions uf the holt ranters with re^tTt to 
the X Afid Y axtsi . 



7 hiiles 



51* 2b' 43" angiilar distanct bet\»fwn hol^ utui i\w ang- 
ular distance of lioltsS 5 from the liori- 
z(jntal. 

The atigular position of Holt No. 1 with r^^ect to tlu» horiEontal 
axis is: ^ , / 

The aimuiar position of holt No- 2 with respect to the vtrticiil axis is: 
90' - 61^25^4;r' 2n^42^ol" 12^5r2(r 



Detarinine tha z and y coonlinat^ of the hole centers. TIuk is ac^ 
ronipliihed by first det^'niinin^ the-r' anfl distflnc^ from the A' 
' and Y' mKes which have bmm m%b\mh^ as an exptciient for calcu- 
lation.. .. 



Point 3 



Point 5 

y' >siti ai"25'4H" 
y l.l'iS" X .7811 - +.880" , 
<r'' - ff cosai"25'«" \ 
/' =^ 1,126" X ,6235 = = .701" ' 
The r ami ;/ diHtancos for Point #5 ss'^oiild he: 
.t' = -JOl" : , 

y' » -,880" 
and for Point #3: 

J-'* -,701" 
= +.880" . 
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' ■ ^ ^ . ' ■ \ 

Noxt the T* nnd \f cUsitanrrH for Poiiits ^2 and f) arc fmmd: 




t Point 6 

7 ^ L12/1 X J225 - +JoO'' 

// ^ ! J2o X .U740 - 
Point ^6 would bp at; 



u' =. -1,()07" 



and Point #2 would hp at: 



Next the distance for Points 4^1 iiid ifZ are foiuid; 




Point 7 



^ L12& X .9010 - 1,014' 
y ^sin 25M2' 51" 
y' - 1.125 X - 4339 ^ .^88" 
Point #7 would beal; 

^' ^ +I.U14" , 

and Point would ^ at: 

^' +LOM" 

^' - +.4ro'' . 
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Step 

The di'stanres of the points (hole ceiutrs) must next be rulculatrd 
with jmBpmn to the Fijted Urigni whirli is 4 inrlies in the J und y 
dirmcMoiii from the centtM' of the hole pattern which has btfon s^lctncui 
m tlye expedient ori^iii. This is acroniplislieil by eithHr adding 4 
i'nrhes ti) the and dimensions (ir .subtrartinp tlit .r' and //' di-. 
,hien£ions from 4 inches, dep^iding cni the point, thus: j- 



Point 1 


^ - 4 + 


\.i)\A 




son'' 


/ 


y - 4 + 


Am 






^'Foint 2 


X 4 + 


m) 




4.25()'' 




y - 4 + 


1 ,(J97 




54)97'' 


Point 3 


\x - 4 


.701 




3,200'' 






MO 




4,880" 


Point 4 




Lf25 




2:875" 








4.000" 


Point 5 




.701 




3.299" 




.880 




3.120" 


Point H 


J - 4 + 






4,2o0" 




// - 4 


L007 




^.90!^" 


Point 7 


X - 4 + 


1.014 




5.014" 




// - 4 ^ 


.488 




3.512" 



114 

109 



CONTOUR PROGRAMMING 



DiSired 
profile 




S€gmfnfed 
profile 



Toleroiici" . 
0.002" 

Fig, 4-7, The arc is broken into ftraighuline ^gmenta as shown. CalculatioQ of iha 
aefment length is necessary in order to deterrni^a the component and ^y move- 
menta which must be described qq the tape. The Icngthi of the segmenU have been 
exaggeratod in order to more clearly demonstrate the calculations. 



Referring to Fig, 4-7 which deioribes an exaigerated segment of the 
arc: " ^ 



Mean outside diameter of grbove (use) ^ i,7BV 
Mean outside radius of groove — 2,365'' 



Mean width of groove 



cutter radius 
Radifla of the cutter path ' 



cutter diameter (use) ^ .2W' 



^ - MOCK' 

- 2.365" — cutter radius 

- 2,365" - .100 ^ 

-^t265'^___i.__ 



Tolerance on radiue 



+ .0035'^ 
-,0015'^ 



Use __'qqq for calculations since allowance for machine error must 
be coniidered. - - 

Since tape instructions must describe the x and y componental of the 
chord, or straight-line segment ^ It is first necessary to determine the\length 
of the chord e.g, : ^ 



Hi) 

no 



CONTOUR PROGRAMMihiG 



Cutter 
.travel 




The cutter will travel along the chord line B-C although ta^ initfuctions 
denota the distances Ax and 4y, therefore again referring to Fig. 4-7: 



2Mb 

Cbg & ^ r~: - 99911 



2.2G7 
^ - 2^ 25' 
^ 2.417^ 



180^ 
2.417' 



= 74,55 equal angles 



#se 90 angles of 2^ each; or 45 anglee of 4^ each to deteraaine the total 
length of the itraight line segment, 

1/2 the se^ent length ^ Sin X 2.267'- , ^ 

-Sin 2*^ X 2.267'' 



Full sepiient length 



- ,0349 X 2.267' 
,07912" 

- 2 X .07912" 

- ,158" ^ 



Assuming that the line A-B is vertical and therefore parallel to the Y 
axii the tape inBtructions would be 4^ - 0, since there is no * movement, 
_and^^^l58'^ which is the length of y travel between A and B in Fig. 
4-^7/ merrealcinati^ ^ -"^ 

4i and 4y Wust be calculated. 

Ai in this Instance would be: ' ■ 

— ^^^_^_5^^J58^Cos 0 

where \ ^ ^ ^^^^ 



m ASH Cos 86* 
^ ,158 X .0698 
s .0110" 



Ay m aSRSin 86 
^ .158 X .9976 
^ .1580" . 
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Design Drafting 



■Elements of Technology is a remediabcpurse taken concurrently with elementary algebra. 
The following are illustrations of literal^uations encountered, ' - 

!■ \ ■ ■ ■ 

\ " ' ■ 

F^ma Solve for a . rXE^ 377ih Solve fori = 

d = 

V s ^ Solve for d • F ^ P (1+rt) Solve for P 

% t ^ . 

13 Fd c 1 f 17 nL (PA + pa) 

P ^ ~ Solve for F j ^ - / ^ Solve for L 



t 



CL 



3 



33,000 



H j^p Q 

^m(t -tj) Solve form = _ . Solve for r 

S / rV S ^ 

E kMV 

I"—^^^ Solve for J ^ u ^ - — ^ Solve for x 

R + 2b V 



D = — - Solve for L g ^ ^ Solve for C 



pC 



C^ = 3RT Solve for R a ^ Solve for n 

n 

A ^ 2?rrh Solve for r ^^^' ^7 Solve for p 

Solve tor W E = — Solve for I 



(550) (t) j^2j . 

RV 

YeA = FL Solve fore (1 -t)(l +W) = ' Solve for 

(T)(V-v) 

WV ■ 

4 Dp = XF Solve for p S = - -- - Solve for M 

M(lOO-t) 

N V V d » 

Solve tor V — = -r Solve for f 



n V f S 

LT = — _ Solve for R « ~ Solve for P 

g P 
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Statics and Strength of Materials 

The statics part of the Statics and Strength of Materials course provides a basic understand- 
ing of balanced force systems applied, to structures and linkages in order to determine the 
magnitudes of the forces acting on the individual members and supports of a structure and . 
linkage. 

The **strength of materials" part of the course analyses the individual members as to 
their internal resistance to deformation under the influence of the externally applied forces. 

This course for design drafting studeirits, represents a less intense study of a combined 
version of applied mechanics and strength of materials that is given in the Mechanical 
Technology curriculum/*' 



1. By calculation, determine the MAGNITUDE 
and DIRECTION of tl^ RESULTANT of two 
concurrent forces of TOO lb and 400 lb acting on 
a body at an angle of 90^ with each other as shown. 
Draw a sketch of the resultafit. 

Basic equations are : 

X ^ R cos e R s (x^ + y2)^ 

ysRsine 



6 « tan^l ^ 

X 



R ^ (400^ + 7002)'/^ s (16 X 10*^ + 49 x 10*^) 



4nW 



A 



R ^ 806 lb 



tan 0 



400. 



0,572 



700 

. n = 29 J° 



This problem can also be solved graphically by drawing the vectors carefully and 
measuring R and Q , ■ r 
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2. Find the MAGNITUDE and DIRECTION of 
the RESULTANT of the concurrent forces shown, 
Show a sketch of the resultant. 

Fx = F cos 

Fy « F sin 

sin 80° « ,500 
cos 30° = .866 
sin 45° = .707 
cos 45° = .707 




Force 


0 


Fx 


Fy 


150 lb 


90° 


0 lb 


-1501b 


200 lb 


30° 


-173 


100 lb 


212 lb 


45° 


-150 


-150 lb 



£ F, 



=32.3 lb S Fy s -200 lb 



R = (3232 + 2002)'/» 

«(10.4x 10'^ + 4x 10^)'/' 

= (14.4x lO'^)'/' 
R =480 lb 



tan 0 
0 
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3. A load of 2830 lb, making an angle of 45^ with the horizontal, is carried by the structure 
as shown. Find the forces in RS and ST and indicate if the member is in TENSION or 
COMPRESSION. 



V. 



r 



Free body of 
joint S 



V 



\ 



i 



= F cos J 



= F sin e 



Force 



0 



2830 lb 45° 2000 lb -2000 lb 



0 

45 



-F 



RS 



0 



-.707Fgy -.707Fgy 



For equilibrium, the sum of forces in any 
direction must be zero 

.-, £ Fj^ = 0 = 2000 - Fj^g - ,707Fgj 



2 Fy = 0 = -2000 



.707F 



ST 



-2000 



FcT = — — = -2830 Ibr 

(The direction is opposite the 
assumed direction.) ^ 

Fgg = 2000 - ,707 X (-2830) 
Fj^g = 2000 + 2000 = +4000 lb : 
• '^S T ~ 2830 lb Cdmprcssiqn , 
F[^g = 4000 lb Tensidn ,' 1 



i3o 
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4. Determine the MAGNrTUDE and DIRECTION of the reactions, Rj and R^, for the beam 
loaded as shown. ^ ^ 



<J 



10 




The distributed load will weigh 2000 lbs (i.e., 500 lbs x 4 ft) and can be 
corisidered to be concentrated at the mid-point, 2 ft from the right side 
(1 ft'from R2), 

" 2 F ^ 0 ^ + R2 ^ 3000 - 4000 - 2000 

^ . ^ R J + R2 ^ 3000 + 4000 + 2000 

+ = 9000 lb 

2 Mr^ = 0 = 3000 X- 12 + 40GO X 5 - 2000 X 1 - Rj X 10 

A moment is a force times the distance to the point considered. 

^ __3000jc^l2 ^ 400d x5 2^00 x l' 



10 10 
Rj = 3600 + 2000 - 200 » 5400 lb 

Rj + R J - 2000 - 4000 - 3000 = 0 

R2 = 9000 - » 9000 - 5400 = 3600 lb 

.'. Rj = 5400 lb UP, R2 = 3600 lb UP 



10 
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5, Deterniine the ^od size required to supportU^SOOO lb tension load W the stress in the rod 
must not exceed 14000 Ib/in^ and the rods are available only in the diameters listed below. 



Diameters Available 

Winch 1 XV4 V/2 VA 2 2V4 2W 3 



F ^ 49000 lb 

s = I 

A 



S'p * 14000 lb/in' 



^ F _^ 49000 lb 

'2 



14000 Ib/i^^ : " 



A s ~ 3 3.5 
4 ■ ■ 



D = 



4x 3.5 in' 



4.46 in' 



P = 2.11. in 



Use a 2'4 inch diameter rod, the smallest size > 2,11 in. 



6. A 2-inch diarneter, aluminum rod. 20 feet long, is going to be used to support a tension 
load. The toal elongation of the rod must not exceed 0,30 inch, and the stress In the rod 
must not exceed 15,000 psi. What is the MAXIMUM LOAD that the rod can support so that 
each of these conditions is satisfied? 



D = 2 inches 

4 



aluminum 



a 10.4 x- 10* psi 



Trin^ = S.Uin" S = 20 ft x 12 = 240'inches 

ft 



Smax» 0-30 inch 



STRESS 
"A 

■F-B S X A = 15,000 X TT 
F = 47,000 lb 



EhONGATlOW 

E = — 
A6 



F = 



EA6 10.4xl0^x7rx.3Q(' 



240 



1 ,04 X ff j{ 3 A 
p = X 10^ = 41,000 lb 

2.4 



MAXIMUM LOAD = 41,000 lb 
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7. Find the moment of inertia, I.,, about the horizontal ccntroidal axis of the section shown. 
This requires use of the transfer theorem; i.e., = I^g + md"^, where is the desired moment 
of inertia, F^g is the moment of inertia about the center of gravity, m is the mass, and d is the 
distance from center of gravity to the desired point. 



v' 



0) 



1 



I =U - — x6x2^ = 4in'^ 
1 ^ , 12 

I, = --X 2 X 12^ = 288 in'^ 
^12 



(2) 



ff" 



I 

I," 

1 



Area 


Dimcn. 


A 


I 


d 


d2 


Ad2 


1 


6x2 


12 


4 


5 


'25 


300 


2- 


6x2 


12 


4 


5 


25 


300 


3 


12x2 


24 


288 


0 


0 


0 








= 296 




2Ad2 = 


600 



= SI + SAd-^ = 296 + 600 

A 



= 896 in'^ 



118 



123 



For the section made of 4 planks us shown, determine the distance of the centroid above 
the base. U^e dimensions on sketch. The basic assumption is that the entire mass can be 
considered to be acting at the geometric centroid of tlic rectangle. 



i 

x: 



M i M 

1. )^ 4 



-i 



1 

















Area 


D 


imen. 


A 


Y 


A X Y 


1 


1 


X 14 


14 


7 


98 


2 


2 


X 10 


20 


1 


20 


3 


2 


X 6 


12 


8 


96 


4 


2 


X 8 


ii 


13 


208 






X A 


- 62 


SAy 


= 422 






SAy 
SA " 


422 1 
62 








y 


y ^ 6.80 inches 



Sun^ 



The -naterial in this course consists of an introduction to the fundamental aspects of prac= 
tical urveying, including both indoor (office) and outdoor (field) work. 

The field work consists of the measurement of (1) horizontal distances, using a steel tap 
and rebred equipment; (2) angles, using an engineer's transit; and (3) vertical distances (elev 
tions), ing an engineer's level and rod. 
- - -Th office work consists of the computation and mapping of closed traverses, and re- 
quires mathematical skills as employed below. 



Bearings 




6 



0 



IS' 



180° - 00' 
+ 9-15 

189° - 15' 

188° - 75' 

-.o 



109' 



45 



N 



79° - 30' W 



Check + Adjustment of Interior Angles 

2 Interior angles = (N — 2) x 180° For a 5-sided polygon, N » 5 



S Interior angles = (5 - 2) x 180° 

Allowable error = Least count of vernier x J N 
For a 1 minute vernier, least count = 1' 
For a 5-sided polygon, N = 5 

Allowable error = l' x Jn"= 1' x^) 5 ■ 



2.24 minutes 



Latitudes and Departures 

. Lat = Length x cosine (bearing) Dep = Length x sine (bearing) 

If length e 426.05 ft., bearing = N 79° - 30' W 



Lat = + if north 
— if south 

Lat = 426.05 x cos (79° - 30') ( 
= 426.05 X .18224 



11 ft 



North 



Dep s + if east 
^ it west 

Dep - 426.05 x sin (79^ - 30') 

= 426.05 X ,98325 = ^-418.91 ft 

West 



Error of closure 



/s Lat2 + % Dep" If^ S Lat ^-0.25 ft 2 Dep = - 0.13 ft 



(.25)^ + (,13)^ 



Precision = 



J. 0794 
1 



0.28 ft 



1 



1 



Length of survey 
Error of closure 



3749.46 
.28 



13391 
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Technical Drawing 



The following are typical plates which the drafting student must complete 
Can you da them? 





i 
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SHORTEST DISTANCE FROM 
A POINT TO ALINE 



DP is a drain pipe making an angle of 25" vvilh the iloor {P is above [loor level), What is the shortest length 
of pipe for a second drain connecting the first pipe to point C, and vvhere is the point of connection? 
Scale: i in, = 1 ft-O in. , 



Length ^ 




02 ^2 



PARALLEL LINES 



ROTATION 



Are the lines AB and XY parnllgl? If not, 

eonstruct a iino XZ equal in length to A'K and parallel 
to AB. 



MN represents a control shaft. What Is the largest diameter of 
a handwhecl that can be attached perpendicular to the shaft at 
M so that the handwheel will clear the wall and floor when it 
is rotated? Scale: 1 in, = 1 f!-0 in. 



2 



i 



Diameter 
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ERIC 



1 9Q 



From point a tunnel bcnrs S45'^W on a rising grade of 20% for a distance of 
TRUE LENGTH, GRADE, 150 ft, A second tunnel, starting from point C, is to connect to the first tunnel at a 
AND BEARING OF A LINE P"^"^ ^^""^ -^^ second tunnel, determine its top and front projections, 

its length, bearing, and grade. Scale: 1 in, = 100 ft-0 in. 



Length 
Bearing 
Grade 



C2 



B2 



Mechanism?* 

This course deals with the relative motions and velocities of machine parts and with their 
accelerations. The application of the principles of motion geometry (kinematics) to the 
analysis and design of useful mechanisms is mainly graphical in nature, but some use of 
mathematics is shown in the sample problems given below. 



Ball Bearings ^; 

At a given lo^d, the rpm is inversely proportional to the life; in other wordSj doubling the 
rpm means halving the life, and so on. 

Changes in load, on the other hand, have far greater influence on bearing life, since 
for ball bearings, the life varies inversely as the third power of the load (load'), For roller 
bearings, the power is 3 J (load^'^). 

This relationship may be expressed in the following formula: 



(Rated load) 



3 



(Actual load) 



3 



Actual life, revolutions 
10^ (i.e., rated life, rev.) 



The following example will clarify the use of this formula: 

A radial bearing has a rated load capacity of 130 Ibff for a life of 10,^ rev. 
What will the life be if the load is increased from 130 to 150 lbs, all other 
factors remaining the same: 

(130)3 

Solutionr — i ^ 
^3 



Act. life. rev. 



(150)^ 10^' 
Act. life ^ 650,000 rev. 
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Speed Ratia of a Gear Train ( Pooth Ratio =- t,r.) 



Combining speed ratios into a single overall speed ratio for an entire gear trains 



But W£ - w^, so, substituting for 
Since— then^ " x — 



Substituting this for uq 

U?rr T 



But ojg ^ a?^ i so 
Substituting again: 

















Te 














ojp X * D 


= — — X 








T, 



Next, 



D 



or o). 



And the overall speed ratio: 



D 



Gears D, B, and E are all drivers, and A, C, and F are all followers of their respective pairs. 
The right-hand side of the above equation could therefore be described as the product of 
the tooth numbers of all driver gears divided by the product of the tooth numbers of all 
follower gears. For simplicity this expression may be called the tooth ratio (symbol t,r.). 



TBAINS OF DIFFIRENT TtPf^ OF GIaRS 



A=24 




D=iOO 



F-18 

-\- E-72 
B=90 - 
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Velocity ' , 

Givem The mechanism shown in Fig. 9a at half-scale. In the position shown, crank AB has 

an instantaneous, counterclockwise angular velocity of 3 radians per second* 
Required^ Direction and magnitude of the instantaneous linear velocity of point E on link BD, 

Solution! First find the magnitude and direction of two velocity vectors on link BD (at 
B and D) by effective components. Vg - r ^ 3 x 2.63 ^ 7,89 inches per second. Let us 
select a scale such that Vg is represented by a vector of L5 inches long. After construc- 
tion of Vp, we find it has a scale length of 1.93. The actual linear velocity of Vp is them 
1 93 

— X 7.89 " 10.15 inches per second. 

1.5 - , . 

By extending cranks AB and CD downwards, we find the ihstant center of rotation O. 

Draw OE and erect a perpendicular to it at E in the direction of motion. We can now 

find the scale value of from: ^ 

Vo EO X Vo 3.2 X L5 

or Vp-— — — -1.16 

EO OB OB 4.125 



The actual valbe of Vg is again found from 

= 5.1 inches per second ( Ans, ) 



1.16 X 7J9 



AB - 2,63 CD ^ 2,25 AC - 3 J DE ^ 3.5 
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In the design of linkages, it may be necessary to determine the dimensions of a crank, 
connecting rod, or follower arm, when any two of the three are given. This is often possible 
by construction. The following example shows how a typical construction may be performed. 
Given.- Center distance and locations of center of crank and follower crank rp extreme posi- 
tions AD and BD of follower crank, and its length. i 
Requiredi Length of driver crank r^ and of connecting rod R. / 
Solution: Draw the two extreme positions of driver crank r^ and connecting rod R, in which 
they are aligned and in which their centerlines both pass through the center of rotation of 
r^. Draw BC first, then AC. BC now equals R + r^, while AC equals R r^. Since / 
(R + r^) - (R = r^) ^ Itq, graphically subtracting AC from BC yields 2r^. The crank circle 
can now be drawn and R found as the distance from the intersection E of the crank circle of 
Tq with BC, to B, ' r 

=• . / 
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Illustrative Uses of Mathematics Not PreviouHly Covered 



The moment of a force about a point is the force multiplied by the perpendicular distance 
from the point to the force, or the moment varies jointly as the force and distance. Note 
that if a door knob were placed in the middle of a door, it would require double the force 
that a knob placed at the edge of the door w^uld require to obtain the same moment. 
Levers, claw hammers, pliers, etc, use this principle, 

If we had a solid object with distributed weight, we could calculate the moments created 
by each little piece of the solid, and, by summing them, obtain the moment of the entire 
object. As usual, we would in the limit go from a sum to an integral. If the. density and 
thickness of the solid are constant, the moment is basically determined by the shape. If the 
figure is symmetric, we can see that the moments on both sides df a line of symmetry will 
cancel each other out. Non-symmetric bodies will have at least two lines about which the 
moments sum to zero. The intersection of these lines is the center of gravity, or, in the case 
of constant density and thickness, the center of area of the body. Note that the eg may not 
divide the total area in half, or in some cases eyen be on the body. 




The concept of center of gravity is of crucial importance in analyzing the motion of an 
object, since the object can be replaced by a point at the eg with all forces acting at that 
point. If we have a body made up by composition of several parts, we can find the total 
moment by taking moments of each part, by taking weight or area times distance to the 
eg and summing. We can also use the moments and the weight or area to find the eg. In the 
case of constant density and thickness, the eg will be at the geometric center. 



Example: Find the eg of an L=Beam 



f 



I 



CGi 



CG. 



2 



,-)A 



In. 



M„ = 



2 (ejTl■4^E2T2^ 



T 2 



+ 2fi2TiT2_ + 
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For the special case when the beam is symmetric, tj = t2 and ^2 ^ ^1 ^1 



2(281 = tj)" " ' 



2 (22^ -tj) 



= 1 T> 



g 



1 



When t, <<£,, vve can approximate X and Y, X = , Y = 

4 4 

Problem: To find the inital angle, 0, of a trajectory which will hit a target at a specific height, H,. 
and distance, D, from the initial point. Initial velocity, V^, is given. 




^ D 

////// J J/// / /////// 

The standard equations of motion, neglecting air resistance arci 
X - cos 0 t; Y - -yig^ + sin 0 t 

D = cos Q t and t = — 

^ cos e 



yz gt^ + sin 0 t ^ -^2-2— sec^ Q + D tan 0 



V 



o 



2 2 gD" 0 gD^ 

Smcesec-ff ^ tan 0 + 1, we obtain tan^ 0 = D tan 5 - ^ + H = 0 

o ^ ■ o 



Tan 0 « D ± 




+ H) 



Givenr; ^ 100 ft/sec, g - 32.2 ft/sec^^ D ^ 100 ft. 

L H-20ft, 0-76.6^ 

2, '80 ft, i9k77J^ or 29,5^ 

3. H 150 ft. No solution. 

We see that if the target is too high (3), there will be no solution, while under cer- 
tain conditions (2), there will be two solutions — this means that the projectile 
strikes the target going up or coming down. 

If the discriminant is negative, there will be no solution. If the discriminant is 
positive, there will be two solutions. If the discriminant is zero, there is o:ae 



solution. 
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Prublemt Maximum and minimum without calculus. 



1. Find the maximum range of a projectile fired with initial velocity V^. 




V / V / ^ / / ■/ " 

/ The range depends upon 6^. If 0 is 0 or the range will be zero. 



X - cos 0 t 



Y ^ gt" + Vq sin 0 t 
At the end of the flight, Y s 0 and c ^ 0 , or 

t - 0. 



2 sin 0 



Then X 



g 



(Vq casO)(2V^ sin 5) 



2V^- sin 0 cos i 



sin 20 



This will be a maximum when sin 20 ^ 1 or 0 = and X = ^J^^ 
' 4 g 

If the projectile is fired up a plane inclined a to the horizontal with initial 
velocity Vq, what is the maximum distance up the plane? Call the distance D, 




X = cos'O t and Y = — Vi gt^ + sin 0 t. Also at landing, 
,X K D cos a, Y = D sin a . . 

- + X tan 0 



D sin a 



=D- sin^ a 
2V^^ cos^e 



+ D cos a tan 0 



" cos a sin 0 = sin a cos 0 IV ^ cos 0 sin (0 a) sin ol sin (2^) 

D - 2V,, cos 0 " - ^ ^ ^ 



. 2 
sm- « 



sin^ OL 



sin^ a 



This is the maximum when sin (20 — a) ^ 1 or 20 — a ^ — or 0 ^ — + — 

2 2 4 



and X = — — — 
sin a 



■A 
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Problemi Consider the problem of the path of a point on a hidder» whose base js being 

pulled out while the fop is sliding down a vertical walh Find the patH of a point 
on the ladder. Let rhe point be distance A from the base, and B from the top, 
making the total length A + B. 




Let d be the angle between the ladder and the floor. Then 
Y ^ A sin 0; X ^ (A + B) cos 0 - A cos 0 = B cos 0 
This the equation of an ellipse in Cartesian ConrdinateSi i.e.. 



— + — ^ 1 

2 



B 



a2 



Problems Suppose instead of a vertical wall, the wall is slanted at an angle a. 




X ^ D - B cos e 
By the Law of Sines* 



B sin 0 
A + B D 



D 



x = 



sin a sin (0 — d) 

(A + B) sin (0 - a) 

sin OL 
(A + B) sin (0 - a) 



B COS0 



sin oi- 
(A+B) 



sin a 



(sin 0 cos a = sin a cos 0) — B cos 0 



X 



(A + B) 
sin a 



nl — — cos » 
b2 



B 



sin a) — B 



1 = 



This is a conic section, whose form wil| depend upon the values of A, B and a, 

13'1 «, 
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Problem: Given a solid figure (1) whose sides are fairly regular and whos^ top, bottom and 
mid-section are parallel (they can be points), and whose height is H, the volurhe is 
approximately 

V = ^(Ab+4A^ + Ap 
Example: find the volume of the intersection of two equal cylinders (2), whose 



radii are R. 



Ab = A^ = 0. = (2R) (2R) = 4R^ 

~H = 2R 
V = 



2R(16r2) 16R^ 



3 




-2. 
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Problem: Consider the problem of an object thrown into the air with initial velocity V^, 
neglecting air resistance. . 

The height at any time isi H ^ =^4gt^ + V^t 
and the velocitj^ Is: V - — gt + V^. 

If one wishes to find the velocity at any height, the Height equation is solved for t, 
and this value is then substituted into the velocity equation. 

The time required to reach any height is= 



t = ±>l 



- 2gH 



g g . 

Note: If the discriminant is negative, the height will never be reached ^ i.e., the 
initial velocity is not sufficient to overcome the pull of gravity. 

If the discriminant is positive, it indicates that the projectile will achieve this 
height twice — once going up and once going down. 

-If the discrin^inant is zero, the height will be reached just once; this is the 
maximum height achieved. (V at fHis pbintivill be zero.) _ 

V„ V 2 ~ 

. The time will be t ^ ~ and the height will be H = — 

» . ■ g 

In general, the^ relation between height and velocity will be: 
2gH = Vo2 = v2 



If we multiply both sides by mass (m) and divide by 2, we obtain: 
mH =^ 



Physically, this means that the change in potential energy is equal to the change 
in kinetic energy. * 

Problem: Consider the motion of a slider mechanism as shown. 



n _ "J _ o 

By the Law of Cosines, - X - + R- — 2RX cos 0, where L and R are given 
Differentiating implicitly with respect to time, we obtain: 

• dX dX d0 

O = 2X ~ = 2R cos 0 — + 2RX sin 0 — 

' dt dt dt , 

dX 2RXsinO dO ^ 




dt 2R COS0 - 2X dt 



Since X = R cos 0 ±|r^ cos^ 0 - « R c os 0 ± jl^ ^ r2 sin^ 6 



dX R sin fl (R cos 0 + , 


l2_r2 sin2 0) 


dt T 


I? - r2 sin2 0 



dt 

dfl dX . . 

Note: Even if -J— ■ Const., — — will vary with 0 

dX 

— =. 0 when 0 = 0, rr, In, the extremal points of motion, 
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Problem; An often overlooked area of mathematics is that of parametric equations, They 
are useful under the following conditionsi (1) The parameter has physical mean- 
ing, time slope, angle. (2) The use of a parameter is more convenient than a direct 
relation between variables, <3) The range of the variables can be limited by the use 
of a parameter, 

The flight of a projectile with only the effect of gravitational forces can bait 
be described by considering the horizontal and vertical motions separately and as 
functions of time. 



The equations of motion based upon F = ma are: 

W d^ji 
O = - — — and 



g dt2 



W d^y 

-w = =- - 



g 'dt 



, leading to 



ft 



XaV^t + S^, and 

X X 2 



If we eliminate the parameter t, we obtain : 



Y = 



V„ (X ■-- S^) 



^ + , a parabola. 



Protlem: Consider the accurate point-by-point plotting of an ellipse, In Cartesian 
Coordinates, this would lead to solving the equation; 



B 



a2-x2. 



which involves a combinatiori of multiplying and subtracting. If we choose 
parametric equations, we obtain^ ^ 

X = AcosO, YslUinO 
with A and B the hori5^,ontal and vertical semi-axe! 
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One can also draw a quarter ellipse by drawing a rectangle of sides A and B, and 
dividing two adjacent sides into the same number of equally divided parts. Con- 
nect the points and one obtains a family of tangents to the ellipse. 




The ellipse can also be drawn by using the basic difinition that it is the locus of 
pomts the sum ofwhose di stances from two fixed points is constant, Find the 
points (foci) atj = , and rrieasure a str^g at length 2A. Tacking the ends o 
the string at the focij hold the string taut with a pencil and swing the ellipse. 



Finally, one can draw two concentric circles with radii B and A, At any point on 
the inner circle, draw a horizontal line and a line from the origin, Where the 
origin line meets the outer circle, drop a vertical. The intersection of the hori- 
zontal and vertical lines is on the ellipse. 



Translation by h & k gives, x = h + A cos"^ and y = K + B sin 0. 

Notei The hyperbolas would be expressed as; 

X = A sec 0, Y = B tan 0 or X = A tan P, Y " B sec 0 
depending on their opening horizontally or vertically. 
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problems The Hypocycloid. 

Consider the problem bf one gear rolling without slipping about the inside of a 
, fixed gear. The large gear has radius A, the small one radius B. 




Since there is no slipping^ Ad = B0 



X = (A - B) cos 6 + E cos (0 -e) = (A - B) cos 0 + B cos 
^Y^(A-B>sin0 - B sin (0 = 0) = (A— B) sin 0 Bsin- 



(A ^ B) 0 
B 

(A B) e 



If we let A " 3B, we obtain: . 

X = 2B cos 0 + B cos 20 ^ Y ^ 2B sin 0 - B sin 20 
^A^particularljMni?res^^^ case arises when A = 4B: 
X = 38 cos 0 + B cos 30 ^ 4B cos3 e = A cos^ 0 
y = 3B sin 0 - B sin 30 - 4B sin^ 0 = A^sin^ 6 



Since cos 0 = ( — J" and^siri 0 ^ ( 
A 



^aii( 



d since cos 0 + sin 0 Ij we obtain i 

\ \ 



Problem I Polar Cobrdinates are useful for circles fitting the following conditions i 

^ _ , .... / ... ^ * .■■ . " : ' 

(1) Center at the origin, radius A; (2) Through the origin; (3) Through the origin 

with radius A and center at (A/2,0); (4) Through the origin with radius A and 

' , center at (0,A/2) 

2. 






3. 




p = A cos fl + B sin 




2 


A B 
Center = ( ^ , ~ ) 
2 2 
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In Polar Coordinates, all conic sections can be written ih lhrformi— 
eA eA 



R = 



1 + e cos(5 + a) 



or 



1 + e sin (0 + 0) 



If e - ± 1, it is a parabola; if e < 1, it is an ellipse; if e > 1, a hyperbola. 
=-a and =P are the angles between the principal axes and the X or Y axes. 



Problem^ Polar coordinates can be used in the following problem- 

Giveni two gears of equal size one fixed and the other moving around it with 
no slipping. Trace the path of a poin^ wfiose initial p osition is the point of con- 
tact at the horizontal axis. 




OS PS. OS ^ A a, SP ^ A^ 

,",.Qf = OQ = RP = A, hence we have an equilateral trapezoid and OP 

We X coorHlKSTe m"P ^^^^^^^^ + RP cosJ^__^ 

p cos 0 = — A + 2X cos^O + A cos 0, ' . 

But 0 + 0 + 0 " TT, and 0 ^ tt 20 , cos 0 = cos (tt - 29 ) » — cos 20 , . ~. 

p cos 0 ^ -A + 2A cos 0 - A cos 20 ^ 2A cos 0 r A(l + cos 20) = 2A cos 0 - aA^ cos^ 0 
p = 2A — 2A cos 0, The Cardioid. ^ 

Problem I Theorem of Guldinius 

The volume generated by revolving an area A about an axis at distance X from the 
center of area is: ^ . 

V = 27rX 2a, ' " 

Proof V » 2Tr/(Y2 - Y^) X dX 

_ . .V _ 

My = /X(Y2 Vj) dX = X/CYj - Yj)dX = XA, V B 2TrX A 

lit 

Exarnple: Find the volume of a tbrus, whose radius is r, and where the distance 
from the center of rotation to the center of the circle is R. . 



V = ZTrRTrr^ = aTr^R r^ 



4 o3 



Example; Find the ccntr'oid of a semi-circle. V » y R 



A = 



- r3 ^^R^ 

3 " 7 



ProBIeni V Cb risider- the-si ni pltpje n d_u^^ 



Wsinfl 



•W A^O 



B dt2 
03 05 



^ 0 -g . ^ 
or --7- = S-sin(9 



sin 0 s 0 + — = etc., 0 in radians. 

44 ^' 



For small, sin 0 ^0, and — 



d% 



dt' 




Solutions: 

(a) 0 = A sin 



t + B CO.S 



It 



, , do , d^O dw do dw 

(b) Let w = - — . 1 hen — = — - -— = w — 
dt do dt do 



Then w dvv = — — 0 dO, and w 




dt 



do 



0 = ksin ( 



and t ! — = arcs in — + C 
T <G k ^ 



t = C) 



(c) If the angle is large, the approximation of sin 0=0 cannot be used. One method 
of solution would be to use a computer to solve the D.E. Another would be 
as follows- — — — _ 



d2o 



dt^ 
.,2 



g 



C 

g cos 0 
C 

g 



sin 0 or 



^0 



civv 



sm t 



dt 



dt 



VV 



g cos t 



wdw ^ ^ = sin 0 dO 



VV" 



do \ Z 



= .COS ^ + ^ VV s 



+ C 



2g cos fl 



dt 



do 
2g cos q 



The second De can also be solved by integrating 
using Trape^.oidal or Simpson's Rule. 



+ C = 

dt 



do 

2g cos 0 ^ ^ 
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Problem J Find the runway distance an airplane requires in order to go from zero velocity 



to a given velocity, V. 




N » W = L 
■ f=uNsu(W'-L) 
W is the weight 
L IS the aeTOrfynrnrtk-Mft— 
D is the aerodynpmic drag 
t;! is the-reaction force of the 

runway on wheels 
f is the ground friction, and it is 
a fraction of N 



■ WdV cfV 

T - D - f = - — = V 

g^dt Sx 

fvdv / ' ^ ; : : /:.Vdv 

Distance = / — — — — ./L, T, D, and f are of the form A + Bv*. Dis. ■ 

P'=D-f/ ' y 4 E + FV 



Time ^ 




g / dV 

W / T - D = f W 



Problem- Compression or extension of a spring. 

By HoofeTLaw, We know that the force required to stretch or coniprcsAAJpling 
from the equilibrium position js proportional to the change yylength, or F = kX. 
Since work done is force times distance, the work done is ^kX dX, An integral 
must be used as the force is variable. 



The work done is 



A typical problem would be to find the distance a bumper at the end of a train 
track would compress in stopping a moving train. Since the bumper is originally in 
equilibrium, Xj =« 0. The work done in compressing the spring must equal the orig- 
inal amount of kinetic energy possessed by the train ; i.e., 



mV' 
2 



Therefore, 



mV^ 



and X = 



Note, one must be careful to select compatible, units. 
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Problem i Consider the problem of the vibration of a weight hanging from a spring. The 
weight is displaced a distance X fronTthe equilibrium position and released. 




For a srnainveifhTrwe=e^-aia_— 



Wd^X 



.Wd^X 



For a heavy weight, we obtain =kX + W = — ■ 

. . - g dt^ . 

By the usual methods of solving Linear Differential Equations, we dbtain: 

— - f — ^ - J 



X s A sin 



t + B cos 
W " . sj 



gk W 

— t + ( ), for the heavy weight, and 
W k . 



X - A sin 



k I kg 

t + B cosl-i t for the light weight. 

w , . . 4 w..: , ■ - 



If these techniques are not available, consider the f olio vving approach. 

If thfse techniques are not available, consider the following approach. 

1. As the body goes up or down, the spring force will increase, slowing the 
the body to rest. 

2. At that point, the unbalanced force will reverse the body until it reaches a 
^resting. pxiinxjit.tlui^^h^ extreme. ^ ■ 

3. It will then reverse again, etc. etc. etc. ^ 

4. Functions which'behavc this way are sines and. cosines. 

5. Try X = A cos t, When this does not work, adjust it to X " a cos bt, and find 
a value for b. Similarly for sin bt, 



The addition of a friction force p^portional to velocity leads to* 

' dX 
-kX — c + W, with solution 



W d^x 



dt 



eg 



X = ExpH — ^ (A cos rt + B sin rt) where r - '4 
2W/ 



c2g2 4kg^ 



or X = a Exp (rt) b E.xp ( - rt) depending upon the nature of r. The solution is damped 
oscillatory motion, or damped non-oscillatory motion^^ 
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Problemi Sneirs Law; Consider the following problem, \ 

Find the path from point Pj to P2 where the velocity from P j to Pj is Vj and the 
velocity from Pj to P2 is V2 and it is desired to find the path requiring the least time. 
This will not be a straight line. The time for each part of the^rip will equal the 
distance divided by the corresponding velocity. 





d2 + 


— — — — 


dT 


B 


dB ' 





- + 



^2 Jc^ + (F -B)2 



$ut T 



sin a 



- sm a, an 



sin p 




Problem I Escape Velocity 

In order for an object to escape from the earth ^it cannot stop at a finite distance 
from the earth, since the gravitational force pf the earth will pull the object back. 
' The rest position must be at an infinite distance from the center of the earth. Let 
the mass of the earth be m^ and the mass of the object be m^ and the distance 
between their centers be s. Then: ^ , -= . ^ . — — 



F 



k m m^ 
e o 



_dv 

dt o 



=v dv = 



k mQ ds 




T 

s -ds = Lim 




s^2 



where Vq is the velocity leaving the earth, and R is the radius of the earth. 



0 

^ Lim 



(=^kni^ s 



-1 



2 „ 



. 2 

2 '^^^ 
2km, 



TT" 



-) = 



R 



2 km. 



R 
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Problem i Parachute Problem, 



A body falls from rest (i.e.,VQ = 0.) with gravity and drag force, d = kv acting 
upon it. The problem is to find the velocity and distance travelled at any time, t. 



W 



W dv 



dt 



g dt 



g vv~ v^ 



2 .,2 



1 + 



2gk 



LN 



1 - 



kv 
W 



• ' d,^ W e^t - 1 . 2gl k 

v = — ~ , where a = ^-X. 

dt' 2k e"+i 4W 



Note: As t -* v ■ 



W 

k 



W i.f \.f gk 




If for t = 0, X = 0, then C = 0. 
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Problem I The Catenary 

The catenary is a freely hanging chain or cable perfectly flexible and hanging on 
its own weight. Because of the flexibility, th'erfe are no side loads and all forces are 
tangential to the cable. Problem is to find the curve^^ of the cable. 




The cable will be symmetric and the Y-axis will go through the lowest point. The, 
X— axis will be at a distance D below this point. We will select D later. ' 

The linear density of the cable is w lb/ft and the cable is s ft long. Weight is 
ass=umed to act at the eg of a section. 

From the conditions of equilibrium; we knowi 



Tq " T cos 



ws = T sin fl 



ws T sin 6 dy 
— = ^ ^ tan 0 

T^ TcosO dx 



Taking the derivative of both sides, we get: 



="^"1'' but s is arc length, and ~= l+~ 
dx^—^o—M—^^^ dx r Vdxi 



w 



dy 



1 + 



dx] 



Let V a with v = 0, when'x = 0. 
dx 



dv 



w 



Q 

Ln (v + 



1 + 



0 ' Wx 
v"- + 1 ) ^ — + C 



Ln 1 a 0 + C, C = 0 



dx 



^ V4 • e 



wx/T>. 



=-wx/T 



0 V 



y a-— (e 
2w 



o wx7T^ 



"^wx/T 



+ e 



T^ Tq 
LetD = , x = 0, ya— , and Ci - 0. 

til J 



w 



w 



2w 



+ e 



=-wx/T^ 



') 
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If we wished to introduce hyperbolic functions at this poiiit, we could write the above ^si 

T " " ^ 

o ^ wx 
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Problem: Bridge Hanging from a Flexible Cable 

In this problem, we assume that the bridge has a fixed weight per length and that 
the bridge is much heavier than the cable, so that . the cable weight can be ignored. 
We will select the origin at the lowest point of the cable. 
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Problem 1 Deflection of Beams 




The deflection of a beam is governed by the differential equation, Ely'" = w(x), 
where I Is the moment of inertia of a cross-section and could be variable, E is 
the modulus of elasticity and is a property of the rflaterial used, and w(x) is the 
load. Note y" is the moment at any point, and will be zero at the Ands, if they 
are free. 

Consider an unloaded beam, bending solely due to its own weight which is 
sdistributed evenly with density w lb/ft, and simply supported at the ends; 
i?e,, y and y" are zero at both ends. Assume E and I co'n|tant and length L, 



Ely ; = wx 



wx 



.3 



Ely = 



wx 



and Ely" 



wx 



C,x' 



Cjx 



Cjx- 



+ — 



X = 0, y = 0, y" = 0. X = 1, y = 0, y" = 0. 



0 = C4. 

0 = — + 

24 / 



0 = Cj 



+ C3I + C4 



0 = 



wg^ 

2 

wL 



24 



y " 



' wx 

IT 



wB 



=x3 = 
12 24 



wP' 
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Another beam dctlcction with some interesting mathematical aspects is that ot a beam 
under compressive forces at the ends. 1 he weight of the beam is ignored and it is assumed 
that the beam does not cru^h 




r 



Moments about the left support gives: 

Ely' ^ P(0) - P(y) or Ely'' + Py ^ 0 or y'' + --y - 0, with 



X - 0, y - 0, and x ^ 1 , v ^ 0 

= — X + B cos 
EI 



y ^ A sin 



E\ 



The given conditions lead to: 0 = B and 0 = A sin 

EI - 

For the second condition to l)e satisfied, either A =^ 0 and the beam does not 
deflect at all, or: 

P 



EI 



n and P 



TT^EI 47r^KI 



n^TT^EI 



y2 



j * j j } } 



Notice that A is not determined, which means that when the beam buckles, the amount 
of buckling cannot be determined, so that in all actuality it has failed, Furthermore, the 
beam will buckle only at the loads indicated; i.e., if it does not fail at 



it will not fail at higher loads less than P 



/ 47r- KI 



^2 



However, it is obvious that we 



^2 r'f 

cannot assume the beam will survive a load of P ~ '~ , which is therefore listed 



as the critical load. 



2 
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Problem: Work is done In expanding a gns. Work is generally considered as Force times 

Distance. Consider an element oFgas in a circular cylinder, with radius constant 
over a small inrervak 1 he force is pressure X Area. Distance moved is Ax. 




Work ^ ?AAx. . But A Ax ^ AV (Volume) 
Work - SP AV W - JP dV 

There are two special cases governing expansion of gases. One is isothermal 
(Constant temperature) where PV - C, and the other adiabatic (Constant heat, 
which can occur in rapki changes lacking time for heat transfer), PV"^ - K 

.AdV =/c 

i 



Isothcrmab VV = /PtlV = / CV "'dV = C Ln — 

"l 

Adiabaric; W = ( P dV / K V"Tdv = ' ^ ^ ^ ^ ^ 



1 - T . ,, 1-7 



Note: 7 usually nikcs on the value of 1.4 or 1.66 depending on llie gas. 



152 

147 



/ 

/ 



Problem^ Force of a liquid on a siihnicrged vtrrticul phitc. 

Force in u liquid is equal to pressure times urea. Since pressure varies with depthj 
we must calculate Force at a fixed depth, and then sum this from the top to 
bottom of the place; i.e., mtegrate. 



y 



F -J^d Y X dY, for comprCHsible fluids, d is ii variable. For incompressible fluids, d 



IS constant. 

A, F'ind the total force on ti semi-circular plate of radius R, whose top is 11 feet 
below the surface of an incompressible fluid, 

H - d/xY dY, + (Y - II - R)^ - R^ 
I - d/(R2 - {y W R)2)'^^/ydY 
Let Y - II - R^ R sin 0 dYU R cos OdO 

A Y^I + R.R ,\n Oi (0,Mt%R) 

/ / 
F ^ d / (II + R + R sin 0)R cos OR cos OdO X 

-dR 




(11 + R) cos^ + R sin 0 cos^ ^) dO. 



7 (9 / sin 20 
dR*- ( (i-I + R) ( - .4- 

2/ 4 



R cos 3 k 



^ dR^ ( (M + R) ( -/ ) - (11 + R) ( - -) 
^dR2 (ii + R) / 



\ 
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Problem t Center of pressure Inr a submergetl vertical plate, 

The Center ot Pressure is that point where the total force can be considered to be 
. acting and which would give the snme moment as the distributed forces. 
"'',2... ^ /dXY2dY 



Y/dXY dY = /dXY-dY, or Y 



' ciXYdY 



F'or a rectangular plate of width Vv^ and height H whose top is k feet below the 
surface, assume incomprcsHibilitv, 



Y 



d HY dY 



dllY ' 








dn Y^ 







2(3k2 + 3kil + M^) 



3 (2k + H) 



I lie hjrcc is 



dll (2kU + IP) 



The moment is 



in (Sk^H + 3kn2 + \\^) 
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Problem I Derivation of Bernoulli's liquation. 

Consider the now of a sniall piece oF fluid along u strcam=linc (velocity tangent to 
it). Using F = nni, vve will dcrive the equation for both iricomprcssible and com- 
pressible How, 




mass = d A ds 



du duds du 
If velocity - u, then a = — - — — — - u — 

dt dsdt ds 

dP ' . du 

Then, -A (P + — ih ) + AP - dAg sm a ds - dAu — - ds 
ds ds 



pressure forces gravity force: 

udu I dP dh , . dh 

g ~ ' sm cv 



ds d ds ds ds 

1 dP du dh 

^_ + u — + g ^ = 0 
d ds ds ds 

/tip / " / " 

/ — - +/ u du + g /dh = 0 ' , 

if d is constiint, incompressil)le, wc obtain: 

Pj 11,2 
— + — = + gh^ = =- + + gh. 



For compressible, iscntropic (frictionless and reversible) flow, d and P arc related 

by. Jf 

p 

P = k dT or d = —7 , 

Weobtain: /k p ' dP + — + gh = C — _ + _ + gh = c 

2 



d(7=l) 2 
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Prnhlcmi Cifnisider ihv prohluni of the flow of a fluii] from ii large cylinder through a small 
hole. „ £l 1 M l 



L 



Riuiius of cylinder = R 
Radius (!t' oril it'c - r 



Y r «R 



Bernoulli's Kqiuition for incompressible fluids, 

2 n 2 

u^ IS 
d 2 ^ 1 tl 2 ^2 



^0, TTU^K*" =^ TTU^r*" . — P| - dgh 



Since r « H, u i is small enough to he ignored, cheruforct 

- gh - 2gh 
(12 \ 



This is theoreticaL For actual eases with warcr and a circular orifice with sharp 
edges: 



u ^ 0.62 ^'2gh 



VeL V - kh'^ VoL V - ttR^I 

dV y dh 

df dt 



TTr^ V ^ --TTr^kh^ 



^h^'^ dh - 



rrr'" k dr 



9 



Cylinder Height H and Radius R 




H 



L 



The time required for the height to drop from 11^.^° 



7 Z^- 



kr'' 



2R^ r— 4-, 
kr" 



rime to lovvei- the height of fluid in a cone from H^j to H. The height is Hq » the 
radius R. , 



r R 

h ^ TT 



V 



2 I ,,2, 3 
Trr h TT R h 



dV ttR^ h^ 



31 12 



dh 



dt 

dt : 



7rH„2rinh'^ ^t 
R^h^^ dh 



k r, 2 



2r2 
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Frohkm^ (innsiikr t 



;ie nicinicrit of inertia ofii long thiii rectangle about its long side, w« 




m(w/2)' 



rmv' 
4 



msK'"' mvv" 
48 ^ 4 



We can almost' ignore I 



Problem. Newton's Law of Cooling 

Newton's Law of Cooling states that the rate of eoohng is directly proportional to 
the difference fietwecn the current temperature and the fixed temperature about 

dl 



the bcnly 1^, or: 



CI I 

Ln 



I 




k (t, - t,) 



k(t. 



Problem I Rotation 

Newton's Law tells us that F = ma, but in 
rotational problems, we know that it is not 
force but moment that interests us. Also wc 
will be ill teres ted in angular acceleration a 
rather than linear acceleration^ a, 1 he relations 
between these variables are; 



7 

mr vi 




M - F r and a = rev 

We can rewrite F ^ ma as rF ^ mar or rf 
It would seem reasonable to consider the quan- 
tity mr as the rotational equivalent of linear 
motion mass. We shall call it the moment of 
inertia, usually symbolized by L These rnoments of inertia can be taken with respect to t 
X axis, the Y axis, or the origin, and arc labelled Ix» ly respectively. 

To find the moment of inertia of an entire body, we would sum up the moments of~° 
inertia of all the parts. If we proceed to the infinite sum in the usual way, we obtain the 
usual integral, . 

Moment of inertia is not only important in problems of rotation^ but it is very impor 
tant in beam deflection problems, where the shape, i?e., the distribution of the mass, is 
very important, 

Consider the problem of finding the moment of^nertia of a rectangular beam about 
one end. 



ly ^Jp^- w dX 



p wV 



But Mass m ^ p wL and hence ly = 
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rhc ccnccr of gravitv is ohviously at the center. If wc wish to obtain the moment 
of inertia about the center of gravitVi 1^^^ we obtain 



eg 



X^w dX = ~ ./ = i_- = _ ' 

' ^ \2 12 



Note that Iv - I.^r + 



or 



where d is the 



distance from the eg to the axis ot interest. 
This is the well known transfer theorem, which 
is of great practical use. Consider the problem of 
computing the moment of inertia of a wheel (circle) 
about its point of contact. 



mr 



mr 7 

■ + mr" 



2 2 

3mr 




Note: The transfer rheorem can only be used when transferring from the eg. Also 
since I > 0, 1^^ is the minimal value of L 



There are manv applications where polar coordinates arc usefuL These usually 
are problems involving circles wath center at the origin or going through the 
origin, and certain motion problems. 



/ 
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Prohlem; Fincl rhc monicnt oi inertiu of a circle jihout irs center (pohir momenc). In 
Cartesian Coordinates, one ol)tains: 

)dX 



4 / /(X~ + Y-) dY dX,= 4/ (X^ Jh^ - X- + 



rZ A 2 ,.2 (A?-X2)' 



3 



Let X = A sin 0 , d X = A cos 0 dO 



4 / (A^ iiin^ 0 cos 0 + 



A 3 cos 3 



) A cos 0 M , or 



(sh- 0 cor 0 f dtf . 4Ay(— 4^ — (I + 2 cos 20 + cos^ 10)) d 



0 sin 40 



0 AO 



4A^ (14 - .^.__^..-) + ^ 4 sin 2 ^; + + sin — )/ ' 0 

2 8 12 2 4 / 2 



If we equate mass to area, then M - Area ^ ttA^, and I 



M A^ 



In polar coordiniitcs", the element of area is pdpdO and the integral for 



polar moment in 



'^4 z^? 



p-pdpdO ^/ — /do 

J 



I-'or a hollow ring' of inner nuiius B, and ourcr radius' A, wc obtain 

2 1? 2 ^ J y A 2 , 11 2 



7r(A'*-B'^) TriA^-B^KA^+B^) 



A- - B- . , , , , , , M(A^ + B^) 
Bur TT ~ — - — — ■ IS the Lrre.i or mass or the ring, hence 1 = — - 



if we consider a tliin rinij where I? A, we obtain I 



= MA' 
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Problem: Curve Fitting — Best Straight Line 

The object is to take a set of points which lie about a straight line, and find the 
best line. By this is meant the line, such that the sum of the distances squared 
from points to line is a minimum. 



■1 



'I. 1 



fiy-tS 



We will use subscripts to indicate observed poinrs, and omit them for points on 
the line. We wish to minimize the sum of (y^ = y)", or minimize 2(yQ ^B) , 

We will find the minimum by taking the partial derivatives with respect to A and 
B, and setting them equal to zero, . 



2x (y^ - Ax - B) - 0 
2 (y^ - Ax B) - 0 
A S X- + B X ^ 5Jxv 



or 



A 2 X + B n 



A - 



Sxy 
Sv 



ix 
n 



Sx2 



2.x 

n 





Ixyl 
Sv / 
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TECHNICAL PHYSICS 



!. Problems Involving Proportionality 

A number of laws in physics can he stated in simple ulgehraic terms. It is imporciint for the students 
to understand the implications of rhe laws unci at^n how such laws (or rules) can be derived. 

(a) The simplest case is the purely linear law such as ' 
F - ma (Eq. 1 ) or V - IR (Eq. 2) 

(Eq. 1) is the mathematical expression of Newton's second law, 
namely that^ if a force "F" acts on a bodv of mass, ''m ', this mass accelerates with accclcrarion 
''a'\ It should be noted first that the law really states that the force I' is prupDrtiunal to 
"a'\ with the factor of proportionality being the number m, called the ''inertial mass'' and 

vhich clearly is different for each object. 

What should be emphasized to the student is that doubling 
the force results in doubling the acceleration; halving the force, halves the-accelcration. The same 
procedure can be used with equation (2), Ohm's law. It relates the voltage across a circuit to the 
current (I). R is the resistance of the wire (or circuit). Again ^ the current is proportional to 
the voltage, assuming no changes in the wire. F^or example if R is 10 ohms and V ^ SO volts, then 
50 ^ 101, I ^ 5 amperes. v ' . 

(b) The more complicated law is when the proportionality involves higher powers, E'or instance ; 
The heat developed in a wire in which a current ''V exists is given byr 
Heat = !"^R (Eq. 3), where R is the resistance in the wire, 
. Mere the emphasis should be on the fact that heat goes up as the square of the current Mence 
increasing the current is more ''effective" than changing the resistance. One can point out that 
physically (or practically), the reason why fuses can blow (a fuse is really only a thin wire 
placed in the circuit) when one starts tli^air conditioner is that initially the current is high, 



so that the heat developed fl^R) melts thb^^fuse wijc. 
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(c) I'ourth pcnvcr prnporrioniility, 

Most people nowudays are eonseioiis of cholesterol problcnis. The reasoiT cholesterol accumulation 
in arteries and x'eins is inip()rtanr is hueause of the narrowness of pUssages that it provokes. Why 
should this fact he so dangerous ro one s health? rhe reason lies in the relationship between pressure 
speed of fltnv anil fiilie radius. 

If a Uquid is nosvlng in a tube, the drop in pressure between the ends ot the tube 
1^ given by the following equation : 8 1 

Where is pressure ar point K I- 7 pressure at point 2; n is the viscosity of the liquid; r is 
the radius of the tube, L its length arul I' is the flow N^elocitv, 

If one were to apply this to IiIchhI How, one could reason as follows: 

The flow T' must stay the same, otherwise the nutrients carrietl by the blood would not reach the 
organs in tinie. 

Land n do not change since neither is atteeted nnieh b)' cholesterol. 

But r, tlu adius of the vein or artcrv. is reduced by cholesrerfd. It r is halved in 

such a ease, the P| ■ Pi nuist increase a factor o: 16 (2^b. I lus means that the heart would 

have to work 16 times as muclt and ....... 

(d) Square roots 

If an object is droppctl from rest, then assuming negligible air resistance, the velocity ol 
the olyect after having travCit.i.f 11 distance d is given by: 

v"" = 2acb where a is the acceleration 



the distance. r 

(c) Increase square law. 

I hc two most famous examples nre the law of gravitation and the law of eleetrostatie force. 





w^here g is the universal constant of gravitation. 

(2) ]f two charges q^ and q^ are a distanee *'d" apart, the force on each of thcni (attraction 
if one is positive and the other charge negati\'e, repulsion if the charges are of same polarity)^ 




1 



Emphasis is to be placed o;i the fact that if, e.g., the distance is doubled^ the force is 4 
times ^Tialler, etc, 



157 




11, Graphs 



At least for the case of simple proportionality (I' ^ ma or V = IK), it: is passible and useful 
to show the student how graphing can be utilized either to obtain the formula or represent it. 

(1) The first iUusmirion k xhc etiuntion K - ma, One chooses two perpendicular axes, measures 
F along the vertical axis and *'a'' along the horizonta! axis. For constant ''nr\ meaning if 
one applies forces of var\'ing si/e to the same mass, the resultin|^ acceleration should be 
given by F - ma, The resulting graph is then a straight line. 



Of course this must be so since the equation represents a straight line. If one did not know the. 
law, a series of experiments with forces of varying would produce, when plotted, the same grap 

(2) A more complex example is the following^ Consider the case of the period of a pendulum, 

A pendulum k composed of a siring (or rigid bar) with a bob (bnll) at one end and suspended at the 



other end. 



poiri! ( jf suspension 



It can be iimde to oscillate back and forth and the time it takes to return to its original position 
(from A to B and back to A) is called the period. The possible variables are, the length 1 of the 
string, the mass of the bob. the angle a It is easy to show experimentally that ^ 



T ^ 2n 



where T is the period, t is the length of the pendulum and g is the acceleration due to gravity 



(9.8 



m 



or 3^ 



ft 



) 



sec"^ 



sec 



' Since both Zn and g arc constants, this expression cam be rewritten as T - A 2, Again, it 
should be emphasized ro the student that if one plots T versus^'S, a straight line will result. 

Alternatively, one could give the student a series of experimental results using one type 
of pendulum; first change the mass of the bob and the resulting periods with differmt 
lengths. Here obviously the period changes. The students are then asked to plot period vs. 
length, period vs. E^, period vs.^^the correct dependence is then the graph that produces a 
straight line relationship, 



Ill, Trigonometry unci Angles. 

After a definition of angles (both in degrees and radians), one should intruduce the 
trigonometric functions by pninting out rhitt these are intrinsic rather thm .trbitrary angular 
units. 

There are two main types bf applications of trigonometry in physics. The first ones arc those 
would call direct application, the others are indirect applications occurring because they 
involve vectors. An cxiimplc of the first kind is Hneirs Law. 



A. Snell's Law, 

It is well known that when a ray of light (actually any electromagnetic wave) is refracted, 
meaning that it travels from one medium to another, it changes direction, lypically it looks as 

folluw..: 



rtiediuin I 
(air) 



medium II 

(water) 



3 




■ The ray travels from medium 1 into medium II. The angle the incident ray makes with the normal to 
the boundary between the rwo media istand the angle made by the refracted ray with same normal 

t. Each medium is characterized by'its index of refraction, defined as ratio of the speed of light 
in vacuum to the speed of light in the medium and indicated by the letter "u". 
The relation betwcen'T'and'? is then given by Snell's Law, 
. /S . ^ 

Uj sin I = u^ sin r ■ , 

where uj is the index of the medium of the incident ray and u^ is index of the medium of the 
refracted ray. , ■ ^ 





B, Vectors 

More general applications of trigonometry involve vectors. As is well known, a vector is a quantity 

requiring both size and direction for its complete specification. It is assumed that the reader 

is familiar with the mathematics of such concepts and hence only applications will be given here. 

Examples of vectors in physics arci force, velocity, acceleration, electric and magnetic fields, etc* 

L Applications involving only addition and subtractioh.pf vectors. 

It may be easier to introduce ^ = 
the whole problem by using two practical examples as followsi 

An object weighing 20 lbs. is pushed to the right By Jack, exerting a force of 10 lbs., and at the 
same time pushed with a force of 1 5 lbs, in a direction of 60^ north of right by John. 




We would like to know in what direction and with what strength an **cquivalent force" would be 
exerted. This is the same as asking in what direction the box would^move (and with how mucH 
acceleration). 
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A similar class of problems can be devised using velocities. Suppose a boat is heading north in a 
rlver with speed of 4 knots/hour when the current is eastward with speed of 3 knots/hour. What is 
the^peed of the boat and in which direction is it moving? 



(a) In summing two vectors wJiich arc perpendicuhir to each other, one has to add two vectors. 



- u 




The Pythagorean theorem tells us immediately that the total velocity of the boat (its 
velocity with respect to shore) is 5 knots. ' 

The angle with the north direction, as shown in figure (a), is given by 
tana^H^JS. Ilence, a is 37^. 

We have here the first application of trigonometry. Emphasis should be placed on the fact that, 
although this result could have been obtained graphically, it is faster an^ much more accurate 
analyticallv, 

s -. ^ 

(b) Addition of non-parallel vectors. 

Consider the problem of the two forces: 





The length of C can of course he obtained by the law of cosines and then the angle a by /he 
law of sines. This is a cumbersome method and not advisable when summing more than two vectors. 
The easier method is to reduce this pr()l)lem to the preceding one by using the ^^componcnts" 
method, ^ / 

One first explains that since the sum of i vectors is another vector, any vector can be made 
to be the sum of 2 vectors, perpendicular to each other. By now raking 2 perpendicular axes* 
we will decompose the 2 vectors we want to add in sum of vectors always perpendicular to each 
other, . . ■ ' 

Let one direction be east^west (x), the either north^south (y) 



1 6 1 ) 
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The first vector. (lO) is already in the x direction. Vector 15 can be considered as the sum of 
2 perpendiculai' vectors as shown. 




where x is 15 cos 60 y is 1 5 sin 60 
and now^ we have 2 vectors (A and B) 

Now size are hack in case 1, the sum of 2 perpendicular vectors. 



10 
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2, Another ^;imple application of trigonometry in physics is in the concept of work. 

Work in physics is the product of the force by the displacement of this force* but only the 
displacement in the direction of the force. 





/ir^j X _ - 

■ x ^ 

This is equivalent to saying that W ^ ^ s d ^ Fd cos oi 
or, in words, the work done is equal to tlie tlisplacemcnt of the force times the projectidn of thf 
force in the direction of the displacement/\ ^ 

As an interesting illustration, one might point hut that if the force is perpendicular to the 
displacement, no work (in physics sense) is n^rforrljed, 
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IV, Units* Constiints and Conversions 



Clearly, since physics is basically ah experimental sciehce, systems orunits, conversions 
from one system to the other and constants are of prime importance, ^ 



1. Units ;/ 

Two important points must be emphasi'zcd to students about units. The first is that all J 
formulas and equations must be dimcnsionally correct; and, secondly, that one can often^derive 
missing terms of the equations by dimensional analysis. 

The basic units are length, mass and time. Although it is common to stress the importance of the 
English system of units, one must now take into account the fact that we probably vyiM *'go 



metric pretty soon. 



English System Metric System 

Length: foot Length: meter (centimeter) 

Time: second Time: second 

Mass: kilogram (gram) 



The derived units must then comply dimensiDnally. This means, in some sense, that the unit 
symbols can be used as algebraic symbols. \ j 



Kxiimplc: Velocity 



/ distance ft meter 



or 

tiriic sec sec 



i 



The units given in the table above are of course not the only basic units. For instanc^, temperature 
units can be given in either Fahrenheit or Centigrade. In most physics formulas howclveri 
absolute or Kelvin temperature scale m used. It starts at absolute zero but the degreeH are 
centigrade degrees. As an example, the gas law (perfect gases) states that: 
(l)PVsuRT 

where P is the pressure, the volume, u the number of moles of gas, R the universal gas 
constant and T is the absolute temperature. ^ 

(a) An application of the first rule about i^nits is to check that equations are dimcnsionally 
correct. 

r*ctting L denote length and denote time 
one coukb for instance check out the equation for distance when acceleration is constant, 
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^^^aSteleration is constant. 

2 



d is distance 

a is acceleration 
t is time in se 



Using L, T symbols as above we get 

b) Anot^ier application is to find units of constants appearing in equations. 

A first example is the universal gravitation constant appearing in the law of 
universal gravitation , 



G m j m -J 

1^' is the force and its units can be derived most easily from 

MI. 



F - ma ^ units of 



t2 



where M i% symbol for mass units. 
Svm[)olicaIls': 



[c; 



m2 
1^ 



(Ci I is ncjtation for units of G, 

the univxTSiil gmvitation constant 



or [Ci] = - 



Ml, 1,2 1,3 



I'2 m2 Ari-2 



•or practical reasons it is easier to give units 6f G in terms of force units. |F] .. 



hence 



fGI . [F| 



Another cxainple would be to ilerivc the units of R from eq, (1), 
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Conversions 

In many practical applications it may be necessary to convert from one set of 
units to another. This is the type of problem in which it is very easy to make 
mistakes by multiplying instead of dividing and vice-versa. One of the easiest 
methods to get the correct result is to use the units as if they vvere algebraic units 
and simply rewrite every unit in terms of the new unit. As examples see the 



following- 



(a) 50 ft/sec - ? miles/hour 
1 ft 

ft miles 



(a) 50 



sec hour 



I mile 1 hour 

I ft s ^ I sec = - — - 

5280 , 3600 

I mile 

ft 5280 50 X 3600 miles 

50 ^ 50 - 



sec 1 hour 5280 .hour 

3600 

/miles meter 

(b) 50 



hour sec 



1 mile = 1609 meters 1 hour ^ 3600 sec 

miles 1609 meters ^ SO x 1609 meters 

50 ^SOx- 



hour -. 3600 sec 3600 ^ sec 

meters 



- 22J5 



sec 



The purpose here is to avoid any guessing. One should emphasize that.it is best 
to **not skip steps**; If the recipe is followed the results are always correct. 
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LEARNING STRATEGIES - STUDY SKILLS 

In many ways, the technical student is not the usual college student. He is not in college because 
he thirsts for knowledge or wishes to become a scholar in his field. However, he does, in general, 
know where he wants to go and what he wants to do when he leaves college. He has set his goal for 
a sp. cifie job, a specific employment position. It is towards this goal that all his energies are 
geared. The technical student is most interested in employability. College courses, including 
reading and study skills improvement, are secondary — they are a means to a goaL This student works 
not for knowledge itself but for the job opportunities which knowledge will provide. He is often 
hesitant to spend time on something if the immediate relevancy isn't apparent. Although the amount of 
theory known is often deficient, the. amount of practical experience is plentiful for the technical 
student and this often makes him impatient with book or lecture learning; he might even consider it 
a waste of time. His behavior In the classroom is often influenced by his peers and the chemistry of 
the chiss, the interaction between students and between students" and teachers becomes very important 
for the teaching situation. The study techniques of the technical student, especially one with 
little academic background, are generally primitive — he has no idea HOW to study or even WHERE to 
begin. He cannot organize his learning or his learning materials. 

In the classroom, it is important to recogni/.e and understand the student who sits before you. 
What kind of academic experiences have gone before? What is the level of his vocabulary? Is he 
proficient or deficient in vocabulary? What is the level of his reading comprehension? Is it adequate 
or inadequate? Or, more specifically, is his reading comprehension adequate or inadequate for YOUR 
course? What is the general readability level of the teNtbooks which you use? How do these levels 
compare with the general reading ability levels of the clas^^? If the readability levels are 
inconsistent j it is possible tijut these consequences will follow: students don't read the text; if 
they do read It, they prally don't understancl it, they cannot absorb and subsequently apply the 
rriathematical concepts/ 

How docs reading influence the study of mathematics? First of all, the student must be able to 
recognize, comprehend and ultimuteiy apply the technical vocabulary. Most authors of Math textbooks 
introduce technical vocabulary in context through direct explanation or definition lol lowed by 
appropriate examples, problems or definitions. While this might be obvious to the mathematics 
teacher, it is NOT obvious to the student. Point out this technique to him. Gather several examples 
of this from the textbook and present them to him as a s ocabuliiry exercise, l^'or example: 

**The great generality of analytic methods and fornudas is due primarily to the use of directed 
lines. These are lines on which one direction is regarded as positive and the other as negative.'** 

What are directed lines? 

*'The intercepts of a line arc the distances from the origin to the points where the line cuts 
the coordinate axes," 

"The intercepts of a line arc. 

After demonstrating to the chiNs, have students open texts and finil at least 5 more examples 
of this type of vocabulary aitb Point out to the student the type of clues which the author may 
provide, such as, italics, boldface or underlining. Show how this method is consistent throughout 

*LonilItjyi VVilliiUih Siniilh Pt^rt-cy I*', .uul Wilson, Wnllnci^ A. Analytic (iC(unriry iiml (Mculm, 
\hmm\ LVvxm tk CUh, 1 96U. p. 9, 

1 66 
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the book. Often the textbook definition is still bewildering to the student, Help him overcome this 
problem by **pre-teaching'* to overcome vocabulary obstacles. Anticipate the words which will give 
your students difficulty and present them at the end of the class in preparation for the reading 
assignment. The presentation may follow this format: 

L *The first property we discuss is the Commutative Property of Addition/*t 

2. Isolate the word on the chalkboard and divide it into syllables- 

corn / mu' / ta / tive 

3. Help studehts to pronounce the word part by part. 

Encourage the students to find smaller familiar word parts in long, formidable words. In the 
word ^^commutative/* a^student might recognize the word **commute." Follow up by asking, '*Whar 
does commute mean? What does a commuter do?'* By extending and expanding students* responses, the 
teacher can develop the correct technical meaning and will have helped the students in two ways: First, 
by looking for word parts he has helped to change the habits of poor readers who often look at the 
first few letters of a lengthy word and then dimiss it by saying *'too tough for me!" Secondly, 
by associating the idea of a commuter — one who goes back and forth, one who interchanges a place 
of abode for a place of business with the idea of the commutative property, you have given 
the students a helpful memory aid. 

Another indispensable tool to learning difficult vocabulary is the recognition and knowledge 
of Latin and Greek prefixes, suffixes and roots. One glance at an algebra or geometry text should 
convince you that the teaching of specific word elements which occur over and over again would be 
time well spent. Perhaps the first set of elements presented could be the number prefixes mono-, 
pent-, Oct', dec% etc, Interchange these prefixes with the base gbn and graphically show how 
figure repr jsentations change with the substitution of various prefixes. Let THEM draw the conclusions 
about number of sides indicated, etc. Do the same type of thing with other frequently-used elenients: 



'hcdron 


inter 


numcr 


dihedron 
tetrahedron 


interpolate 
intersect 


enumerate 
denumerable 


pentahedron 


intercept 


numerator 


CO (>r con 


-mut 


nomin 


coefficient 
coordinate 
colli near 
coplanar 


permutation 
commutative 

\ - 


denominator 

binomial 

polynomial 



+Osluirni Royur ct uh tixicniiiug ^liUhi'^illlfirs UNiirrstiiNiliii^. Cloliiinljusi (Iharlus \L Mt'rrill HtHikji, 
Inc. 1963, p. 25, 
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Prepare a chart such as the one pictured below, 



LATIN OR GREEK WORD ELEMENT 
CO, con, conK col \ 
inter 
mono 
poly 
peri 
niccur 
niut 
nomin 
gun 
later 
equ 

iinuuli angle 

ryct 

lin 

sue, SL'Ct 



■GENERAL MEANING 

with, coguther 
hctwcun 
onu, singlu 
.many 
around 



measure 

to change, alter 

name 

angle 

side 

equal 

Hharp 

straight, right 
line, thread 
to cue 



Make a Hst of the terms derived from Latin and Greek which you wish the studefits to learn. 
Place each word element with its general meaning on the chart. Then make up a set of cards to 
correspond with the list of words. Each card sviU contain the follovving inlormation 'for one of the 
words: * . — 

definition 
literal meaning 
combination of elements 
vocabulary word 

The curdK would be similar to the following sample; 



''the distance around the outer 
boundary of a surface or figure" 

perimeter ' 
peri , + meter 
around to measure 



Give one of these cards to each of the students and have them challenge each other to make a word 

which fits the definition which they read by combining two or more of the word elements on the 

chart. Completion cKcrciscs such as the following arc also helpful: 

"AsymptotCN are lines which extend infinitely. Although they approach nearer to a curve 

than any other line, they never meet. ''Never meet" comes from the two prefixes . . and . , , 
' ^ ' ^ ( a ) (sym 



'Davis, Nnnuy H, Ihisic Vonihuhny S/^ifls. Ncsv Vorkj iMcCiraw Hill lUiok Company. 1969. 
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''To indicate the action of changing the sign in an equation and putting it across to the others 

side, one uses the terni . , , . , .-pose,"t 

(tram) " , 

' Encourage students to learn technical vocabulary as it appears in their textbooks. If the ' 

author provides boldface or italics as a study aid, be sure the students are aware of the ■ 

significance of these terms. Suggest that they follow the procedure listed below for learning 

difficult terms ^ 

Tips for Learning Difficult Technical Terms** 

L ATTEND TO liACli TKHM WIIK N FIRST IT APiM^ARS. Read reflectively to grasp what the definition 
is paying — not to memorize by rote but to gain a real uppreciiition of the meaning. 

2, TAKE THK NEW WORD APART IF YOU CAN. Do you recognize a famihar part? If, for example, 
you recognize the familiar prefix ''poly-,'* meaning ''many,'' you already have a hold on 
"polynomial," *'polygon," and ''polyhedron." If you reeognl/e the word part ''equi-,'* 

meaning "equal," it helps you unlock "equidistant, equiangular, equivalent, "nnd 
"equation/' The Familiar prefix "co-," meaning "with'' or "together with," can help 
you master "eoordinate, collincar, eoNine," and "c()tangcnt.'' 

3, READ AND REREAD AS OFTEN AS NECESSARY. Reading=once^straight^through patterns are not 
appropriate. Complete stops are ealled for frequently. Thought time is essential In addition to 
reading time. , 

4, The authors' definition of a new term in almost always followed by examples. EXAMINE TIIESE 
EXAMPLES CRrnCALLY and figure out whether in fnet they tlo follow the definition. If examples arc 
not given, try' to create some of your own. 

5, TRY TO THINK Oh' COUNTER EXAMPLES, e.\nni[MLS which do not come under the definition. In arriving 
a^these, you may find it helpful to ehangc a word or two in the definitiiin. 

READ THE DEFlNmON, as you read all matheniaties, pencil in haiui. Make jottings and create 
your own examples. 

7. Suppose, as you're reading the definition u{ \ hv new term, yriu eneounter a technical terni you've 
already met in the course whose nieaning now escapes you. We all ffkget! You have the meaning right 
at your fingertips through the index of your book, USE illE INDEX^ir instant access to the original 
explanation of the forgotten term. 

8, As you're wtjrkingwith the new term, try lo EXPRESS ITH MEANINC; in actual words — your own words. 

9, You may find a "List of Some Importanr I urms to Learn" tuward the end of each chapter. You'll 
want to CriECK YOUR UNDERS rANDINC;H>f this list of terms. Thc'terms the authors have selected for 
this list are criiciaL You may also want to MAKE YOUR OWN LIST of key lerms and their meaning. 

10. Make an effort to USE YOUR NEW MA rriEAWVriCAL TERMS. 



IN SUMMINC; UP 

1 , Read reflectively, 

2, Look for familiar w<)rd parts, 

3, Reread. 

4, Hcrutiniv^e the examples, 

5, M,ike up eounterexnniples, 

6, He active with a pencil. 

7, Use your index. * 

8, SelfHeciie. 

9, Review/ / 

UK APPLY YOUR NEW LEARNlNriS. 



tlbid, 

**Thomas, Ellen Lamar and RohiiisiMi, Alan (L hnpr(wiN}i Reiuiing in Kviny 
CLml hostom Allyn and BaccMi. 1972, p, 399. 
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Another helpful study technique for remembering mathematics vocabulary is to have the student, 
set aside a special section of the notebook as a Mathematics dlossary." As each new term is learned, 
it is added to the list with its definition of meaning. The student divides the page in half in the 
following manner: 



KEY TERM 



MEANING 



TiSTVOUR UNDERSTANDING 
BY COVERING THIS SIDi, 

The student enters the new word on the left under key term and the precise meaning on the 
right. When review time comes, the divided page will be handy ih learning to recite the meaning 
of terms without looking at the definitions. The student should indicate the end of each unit or 
chapter, perhaps with a double line, so that if he or she wishes to check on the meaning of words . . 
in a particular unit, he or she will know just where to find them.* A similar study technique is to 

place each new term on a separate index card with the term on one side and the definition on- the — 

other. Students quiz themselves by looking at the term and reciting aloud the deiinitipn. Later, 
they reverse the procedure and quiz themselves by reading the definition and reciting the term 
aloud. Be sure they frequently ''shuffle the deck*' so that a word is not given a false association , 
through a consistent sequence. This technique can be done by two students or by several students 
utilizing a round robm procedure, 

A major complaint heard from teachers of mathematics is that their students don^t read the 
textbook. How can the math teacher help students to read the te.xt and get something out of it? 
How can students of math learn to become more independent of the teacher and rely on their own 
abilities to gather and learn information presented in thk textbook? To many students, a math 
textbook is quite formidable; it assumes that the students have mastered all of the following 
reading skills in the field of mathematics; 

1. Ability to read and understand the technical vocabulary, 

2. Ability to recognize and understand algebraic symbols, and letters standing for unknowns; 
negative and positive signs. and operational symbols used in number work. 

3. Ability to understand geometrical concepts and generalizations, including their explanation . 
and application, understanding of axioms, postulaicsi theorems and corollaries. 

4. Ability to comprehend' and to work svith expressions of mathematical relationships — formulas 
equations anc%raphs. 

•Thumus, Hllun lamiiirHnil Robinson* Ahin \\,J}Hfin}vhiif Rriuiifi^ hi Every Chm. 
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5. Ability to read figures, diagrams and graphs and to see the relationship between different 
parts. . ' ^ , 

6. Ability to read and solve reasoning pr^^'blems, 

, 7. Ability to find proofs of statements relared to the solution of problems: 
8. Following a plan for solving math problems/ 

Just how well will your students handle the textbook which you have selected for the course? 
At the beginning of the term, try to assess the reading competencies of your students by assigning 
a passage in the text which is typical of the independent reading that you expect they will do 
during the course. Direct them to read and study the passage in class just as if they were studying 
for or preparing for a test on what it says. Explain that in a short while they will be quizzed on 
the contents and indicate that they may use iiny scratch#sheets to take notes or make jottings if 
they wish. Students who do not finish reading the passage in the allotted time should indicate the 
point to which they read. All notes md scratch sheets are handcd. in as well as answers to the quiz. 
By studying these results and observing the students while at work, several insights can be gained: 

1. Can the student handle the textbook, or docs it appear to be beyond him? 

2. Can.he or she master clearly explained technical terms independently? grasp key concepts? get 
the message of diagrams and figures? 

3. Does he or she use a scratch sheet to study actively — to jot down important ideasj make his or 
her own sketches, fill in the inner steps of explanations? 

4. Does he or ^he appear to be an extremely slow reader?* 

Once you have some idea of the abilities of your students, spend time on a ''meet your 
textbook session,? pointing out the must impornmt features and study aids which can be found in 
the book. The follouMng items (taken from Lamar and Robinson, page 309) shoud be covered: 

Thtj cable of coiuents'wiih its concisis Hcqucntiul lisriiig oi' majiir topics covurud 
r,lsts cjf nuuheiiuitji'af synilxifs fnr cas\' icfcrunru 

luilics, bc>kiracc nr ci>lnr LisutI ii 5 si^ruH '^H I iuiar' ici n , \ 

Italics, [)oklf"acu. or color usc(l to cill actuntiun in conctipts, ruluH, or principlcH that should 

be karncd aiul tti flag these tor easy reference 

'I'ypograpbienl danger signals of pitfalls lo avoid 

Aiils ft)r prohouricing anil aceenting tliffieuli ne\s' iernis (\{ these aiils.are present) 
Chapter surninaries that ss'rap up f)ig ideas 

Self^eheck tests at the eluse.ol ehaprers ■ ' ' .. " 

'rable ()t squares aiul stjiiure nMns 
Kufereiice list oPaxionis 

The glossary / ^ ' 

'the index 

In addition, have a *'how r('f read your textbook" session. Demonstrate the following 
helpful procedures vvhich are outlined by Kllen Lamar Thomas and H. Alan Robinson in their book. 
Improving Reading In Iwcry ClasN, . , 

Lamur attd Kfjhinsoii, p, 307, 
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L Pre-read to look over the material 

A, Read through the passage once at a moderate speed. If necessafy, slow d6wn to get the gist 
of a paragraph but remember that this is not the in=depth reading. 

B. Read with a questioning mind set. Ask yourself: 

L How does this relate to what! I've been jtudying? ; ^ - ; 

2. Whut's the^bthor driving at? Wher,e is this all leading? :■ ■ y 

3. What should I look for when I go back and really study this section? 

11, In-depth Reading ' 

A, Set a purpose for reading by turning subheadings or titles into questions. 



B. Read to answer those questions, 
f C, Read to pull out the meaning pf each word and phrase and sentence. Show how even the smallest 
word cannot be slighted; noticing that "or" instead of *'and*' is crucial and observing the phrase 
■/at least" one/' not ''exactly one," is often criticaL 

D, Remember to use textbook aids such as the index for forgotten meanings and tefms 

E, Complete ^tops are often called for. As you read reflecr on what the author says. When the 
author poses a question, try to answer it. If he .nates '.'it is obvious," see if it obvious 
to you. vv /\^, 
Study carefully all diagrams and figures and understand the relationship ^Ufttween them and 
the concepts which are presented in the reading. 
1, Shift your eyes from text to diagram as needed. " 
2/rest your understanding by covering the text and proMdc an explanation by looking at the diajj 
alone, ' 

3, If you. cannot provide an explanation as stated in No.'2 above, then reread, referring back and 
forth to the figure until you are sure you understand it. 

4, Try to conceal both explanation and diagram and attempt to visualize the figure or sketch it on 
piece of paper, . -^^^^^^ 

IIL Take Notes or Use a Scratch Sheet as you Read ..--^^^^'^ 

A, Capsulize important ideas. Force yourself to repeat difficult passages in your own words. 

B, Fill in inner steps. r . / 

C, Answer the author's questions. " " ." 
Dp Sketch constantly as you study. . 

IV. Fina| Reading — Reread the material quickly so that y(m will not lose the overall thought ^ ' 
amongst the details and specific explanations. \ , 

After a class demonstration with active student participation, the reading of the textbook 
should no longer be a problem and chore for the students. However, this method must be consistently 
applied if it is to yield real results. If individual students still complain that they **just can't \ 
get it, '* suggest these final study aids: 
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\. Reread = successful math students read eNpIunations again and again. A passage that blocked you 
at first encounter may come clear with a fdurrh or fifth reading, 

2. Restate - Trying to re-express an idc^-^furces you to concentcate on what is being said - it may 
clinch your understanding. 

3. Read on - If after repeated efforts the meaning stiireicapesyQu ; read on in the assignment 
and then return later. The difficulty ma^rlear up in the light of the rest of the passage. 

Try again after time. has passed - A difficult passage often hits us differently later, 
5; Search out other books - The corresponding explanation in other mathematics textbooks, is often 
.,helpfuL You would naturally expect several explanations t.; be clearer than a single explanation, 

6. Cprt^ult a friend - Let a friend help you, not tell ycu 

7. Not a single question should remain unanswered - jot down qucntions to bring to class or conference 

The field of education is rich with theories, techniques, and methods to the point of confusion, 
Cct^US consider some basic principles, as rehitcd to the student population under consideration/ 

Often the technical student is separated from the one in engineering along a number of 
dimensions. One such distinction is rcla^d to level of abstraction, another is responsibijicy, 

' Yet, many of the two-year technical grntluates continue to a four-year degree or more, and, 
depending on the individual person and position, tc Imical graduates may move to positions of ^ 

. responsiblitty. Even within the accepted scheme of responsibility hierarchy, the technician may 
act as a translator^edlator bridging between the general-abstract level and the specific-concrete" 
one of the machinist. As such, the technician needs to understand and be versed in bojh-jgvels. / \ 
The techniciarr must bc^ wclbrooted in the fundamentals so that jf willing and ablef can develop 
from a problom-solver to a point of being able tn uvaluute, be creative ard riesourceful beyond 

/thQ basic factual information gathered during his schooling. ^ . - 

''Good teachers" are lis varied as their personalities; they are not all the same. Vet, 
they do have a number of points in common : intellectunl capacity, euriosity and knowledge of the 
material, and sincere intcrcHt in the students. 

Fred C. Morrist compilccra self critique list covering the planning, the class session and 

" testing phases of the teaching activity - and itjs rcprod ^ 

Lesson Plan " -i 

1. Do you plan your IcHson, or do ymi yo tn class witli tmly Jbgcnuml idea of what you arc going 
to do? - . = 

^ 2. h the ohjcciivr well defined, hiuI ciin ii be accomplished hy the presGiiiation that you plan to ^ 
make? , 

3, Do you study each partleuhir topic to find the most effective way to present it? 

4, Does your IcH^on phui include all of the inipofiant p()ints and exeludc thy irrelevanc? 

5, Is your lesson phm loyieaMn order ami does it fiiake a clear eonncciion whh what has gone 
before? . 

6, Dues your leHsoii plan have nppbeation 10 sisnie spccitic ihing fJhai the studentH are 10 do? \, 

7, Do you luake an intelligent and effective use n( instruccional aids? 

Q * 



*Lamiir nnLl l4ol)inson, p. 29 j. 

tAiprris, Fred C. HJJvctivr Tvavbin^: A Mwtud fur iai^iurnviii [/fsirucinrs. 
' New York; MeCiniwdiitl Hrjok Co., 1950. 
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Conduct of Clrm Sossion 

1. !)n ynii kiiriw \\'\\M \iHi avv [rs inf: in 'it' in rl iss? 

.1, !)<i \ !Ui U'll ilic s(injfni s \s li:it v i Mi .\vr \A\l]\\y j lit Mi! ^\^^ \ \:\\\\ - 

3, Un yoli sjH'lul [iio^il nt tht' ! liiU' lU'^l {.ilKiili'r W \\ n.i i iic iJi.liU'i^s .\U- !h;ii [he; sttiik;[ii >, do . 

lint UMrn iiuu'lh 

-1. Do ynii jhiVf ilic cl.isS session orp.nii/rH so ilun (hcic is juj wmsIc ot linu'? 

5. ()<J you Ltiliirnl llji' (hiiikiiiL' ot ihc slUii«.;iits so ;is U) ^i;iiti niiJ hold ihrir iiUt'irsi? 

f)= Art- yiUi iiripjrud lor iht' ^iu^'itUMis .iidud, or do \ on <=\;idt' (hiMii' 

7: Arc >'ou iM)ui RiUiK j[id I'Oiisidi ridt^ in jMS\vrri[i}^ siiidi'ili iiui'sf h)iis? 

H, !)u \ ON usL' Some iu,ip[)ro[M'i;iio in^t i lu t is in.d .utl hct^msc yon do noi know u'h;it clsi' to do, or 
IjL-ciiuSi; It Is i':iSK r (ii.iiidn'i'pnriiiu aii I'tU'iMiM' picst'iUii t ion ^ 

Do s lUi USL' ,in unrcMSotij|)U .unrMUii nf ihv sindiMUs' [iiiR' in ri»pv ini^ ntUi'S froni tht! hoard whii'!] 
yon i:Oidd '^iivv oni \\\ nnnu'iiurriphi'd iomi? 

Arc \ nu wrlhuroonifd, no. It, .uid .'hMn" I hr h.indho\ rlh-rt is \\n\ tl(^sn\d)U'. hut yon shoMld 

hi' prf'-.t:ni i!!>h.' jHihh/ scHi!--i\ 
1 1. Dm \ ou wsi- ,1 nno\nu: in.! iihtM i ^nis i H prr.i nf ^prt^rh \\ Ini li di-'^^ iiM i\\v si nil en ! s? 
\2.. Do vou di^pLu A sc\)^yi o! iiijiivv;' \ 'Ji.MiIiL ol i'unst'. ntost^ ahuu: unli \iuirjoh nl itMi/hnii:, | 

hut Hiis r.in he doiu' u idiitui ,ii • j ii N iiu^ .i [ njoHidicri^ ol a inoruiU'. \ 
n . Dn \ i HI !iidi' I lir hi u- id 1.' J ru. \\ ii h s-on i" hoih , jiid ih * \. i ui t as/r/ ! h?/ rki^s or t;ilk 1 o i hf hhirjdioardH 

14. Do Vi^u sl.u"! and LMid s 'Hh- ^^hiss ^t-.^ion on innr- 

15. Do \ ni! rralls Unu :i die m lidn^i ^ -iMii^L'di i:u:. or [net rh i Mnf nsr du^m ^ii ! hr suhici;! - 
1ft. Dm I he sMidi'fiK 'M ' M ^k ["^ In vl '^^--^ 1 I i luv di ». u <'i nnir I nr \ ? ni I i > \\ jl-, Up. 

Tosttny 

1 . Di5 \ ou i^o la \ \\r U a udjK m < t mh i n ^ 1 )m >od t r'il 

2. Arc V'our tests represent, it i\r nl ilir iuaitTial ;:i\in ni » Lis=^, rhMi a^ lo nieanillg, and ol 
reaHoiij!)le leiiLftli? 

3. Do \^mu let N'uur ekiss tjo w ulinut ^k hi;.: U sts hi eausc \ on do not hkij to gruJe fhe papers^ 

4. Ifi ^nudmi' tests, tjo \ on pive eaeh tjueslinn a \ iihu' in proptutioti its inquiriaiieef' 

5. Arc \ ou a|u'a\'s fair inil nnpardal m uradui^? 

(). 1)0 \^<)U fuive sut t icient uH Mrniaiion oii caeli student to csiahhsh fair tertn j^uades? 

7. Dti \ ou tail sonic delinnc perceiuaLie ot ( vci\' !ass^ I his |)raetjee ts unsenind, u tit air, and 
has a dcvastatnuf t i ti t t upon sruilciU inorak . 

8, \ on liklc pnor teai hnu! u ifh luuh Liradcs? 

!)o s ou iiise hack iiu" ti-^i papers at ilu' lollouiriii class session, or tk) ) on uaii uiitil thu 
srudcnts ask ahout them scvom! tinu s> 
111, i )o \'ou real I / i^ I ha i i: \ rv\ ' nne \ mii :\\\r i iu' ^Midi n ! a t i - -vI . \ iwi a rc t t^st jn|4 \ oti rscl 1 i iH ?? 
if \ (Hi haw ii laree nundu r ni ; f ;iui\ \ i^w h iil In ( um csanmu- \ our teach it fiictlnnls. 

Stuclenrs, .is :t gi^?up. exlrbir \"irifMis tr.iiis nnd have dit tcrunt expecrations, changing sonicwhar 
fron> campus ro cani|)iis, and froin \ car ri) \'caix lloucvcr, must studunts in the tcchnologj^ field tend 
tQ be goal-directed and less I Iniindc rin^, ;ind ntorc !ikel\^ to have been exposed to their area of 
interest as compared u ah mns! <dber g^^otijis. Sudi .1 stalemenr rn;n% of course, var)' between specific 
individuals, josenh /immerman* crmdiieted a fa.irvc\^ at the Worcester Polytechnique Institute 
identifying some of tlie items thar ''turn students on and off/* 




* j^ininicriliaii, Inscph 1^, 'AKhat .Mo[!\ Soidciitsr A Sceoiid LinyU./' J iu/ni,i! (if Hjiirjuri'riffj^ 
' fiiiucdfin}}^ Ocinbcr n)f>4, \'oL 5S, n*>. 2. pp. 5^-55 = 
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(Nihil (iroup) 



I'tisiiivt' 

Prat-EiiMi v.U'wi: at ihr iMUirso in r.trMinj.f >! ■. . . , 3f> 37 

!iisnHii;t()r's lsnti\\itHl;:t' 111 stihjLH't Awd li-ijUHl tiuUis 37 

WullMk't itu d t i)iirsL= nhji'ciixi N 25 14 

1= lit iuisiasm ihv nistnuiMr . 25 • 38 

InstruL'tiu 's sv Mip.ii !u i\ I 'lulcisiaiitimu 

{}[ shulrnis ^ tht^ir pr lijik nis 24 13 

Insiriu4i>r\ ini', iicss in .niswtT mu's[ h his . : . , . , 14 

Knowlcthic f)t \ oin prnj'ri'ss = ^3 2(J 

(;I,i4i^ -M 1^ 

linphi'^is jifi 1 1 ni4 J nun I I is r.iUici Mhin dia.iiK, , . 11 14 

f !< }ii ru'niis titMthuwU of iiisiriuUn' 14 3 

I nsl [ IK t ni \ list' nt iHl ri'^ni = = 

InsijiK li»r\ nsr o{ h as = = = h^ ?3 

I nsirittre tr 's M! si] i !ppii*\,i| . 4:i in 

Pcrsiin.il cruss t.-xaniina! inn 1>\ ihr jn^n u-aMr : . . . =0 



Now, sec how nijfiv (i( ihcsc ptMiUK ;?iiplv to \ (nu the irulivicliiiil tcuchcr, lo your cliissroom, 
and to your cujiipus. and u hcp^ vou I'an iiiaMini/c thv ft::iching process. Lust but nor least, do not 
hesiute to consult sour coilci^gijcs ;nid if ncccssar)' liic C{)unscling services on your campus. 
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